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The purpose of this study is to analyze the determinants 
of demand for electricity in Hong Kong. The findings can 
enhance our understanding of this issue and they may also be 
helpful to the Government in the regulation of electric 
utilities and in the formulation of energy policies. 
The study is divided into two parts. In part one, we 
investigate household demand for electricity in Hong Kong. The 
dependence of household electricity consumption on price of 
electricity, income, living area, household size and 
temperature are explored. We set up a model of long-run 
household demand for electricity and perform regression 
analysis using cross-sectional household-level data during 
1989-90. In order to obtain consistent estimates of the 
parameters in the demand equation, we estimate the demand 
equation and the price equation jointly by Two Stage Least 
Squares (2SLS) Method. 
In part two, we investigate residential, industrial and 
commercial demand for electricity in Hong Kong. We employ the 
Flow Adjustment Model and perform regression analysis using 
aggregate-level data during 1971-93. 
The followings are the major findings. 
In part one, we find that household demand for 
electricity is inelastic to price of electricity and the 
direct effect of income on electricity consumption is not very 
large. Besides, we confirm that living area and household size 
ar~e important determinants of electricity consumption. The 
elasticities of living area and household size are smaller 
than one , showing that there is scale effect in consumption of 
electricity. We also confirm the perception that households 
with town gas supply consume less electricity, given other 
things constant. 
In performing the regression analysis, we find that the 
simultaneous equation bias caused by decreasing block price 
schedules is quite serious. At the same time, we confirm that 
demand equations estimated by Ordinary Least Squares Method 
using predetermined prices are good approximations to those 
estimated by 2SLS. Finally, we find that the estimation 
results are not very sensitive to whether we use average price 
or marginal price in the demand equations. 
In part two, estimation results show that residential, 
industrial· and commercial demand for electricity are all 
inelastic to price of electrici ty, but the responses to 
income/output are somewhat different. 
For residential demand, the estimated long-run income 
elasticity is larger than that estimated in part one . This is 
plausible because the former measures the total effect of 
income on consumption of electricity, whereas the latter only 
measures the direct effect. Furthermore, income elasticity for 
a specific good is usually higher at lower level of income. 
Since the aggregate-level data cover, on the average, an 
earlier period when households in Hong Kong generally have 
lower level of income, a higher income elasticity is expected. 
For industrial demand, increases in output would not 
cause equal proportional increase in electricity consumpt i on. 
Besides, we find that technical progress has important 
positive effects on electricity demand. Results also show that 
wage rate of manufacturing workers is not an important 
determinant of electricity consumption. 
Lastly, commercial demand for electricity is found to be 
quite responsive to the level of economic activities. 
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CHAPTER 1 INT~ODUCTION 
Knowledge of the determinants of demand for electricity 
is Fequired by both electric utilities and governments. For 
electric utilities, an accurate forecast of future demand is 
needed for capacity expansion planning and knowledge of price 
elasticity of demand is needed for design of electricity price 
schedules. For governments, similar information is needed for 
regulation of electric utilities and formulation of energy 
policies. 
In response to the above needs, many econometric studies 
of demand for electricity, especially residential demand, have 
been done since the study of Houthakker (1951). 
There are several difficulties that researchers have to 
face in 
Firstly, 
econometric studies of demand for electricity. 
demand for electricity is a derived demand. It is 
derived from the demand for end-use services that electricity-
using equipments provide. Since the stock of electricity-using 
equipments is fixed in the short run and can vary in the long 
run, researchers have to distinguish between short-run and 
long-run demand for electricity. However, the adjustment 
process of the stock of electricity- using equipments is very 
complex. So, it is difficult for researchers to set up a model 
that . is wholly satisfactory in capturing the adjustment 
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process. This problem will be described in more detail in 
Chapter 2. 
Secondly, consumers of electricity usually face 
decreasing block price schedules, rather than a single price. 
So, researchers have to choose an appropriate price variable 
in their studies and they also need to solve the 
identification problem caused by decreasing block pricing. 
This problem will be described in more detail in Chapter 2. 
Thirdly, studies of demand for electricity usually suffer 
from a lack of data or information. One example is the data on 
the stock of electricity-using equipments. Such data is 
usually unavailable and even if it is available, its quality 
may not be good enough. Another example is the information 
concerning actual price schedules. A lack of such information 
may cause a bias in the estimates of parameters in demand 
equations. 
1.1 Aim of Study 
The purpose of this study is to analyze the determinants 
of demand for electricity in Hong Kong. To do this, we have to 
estimate the elasticities of electricity demand in the 
residential, industrial and commercial sectors. Such 
info~mation is important to the Hong Kong Government for 
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efficient regulation of electricity suppliers and in the 
formulation of energy policies. Details are given in the 
following ,paragraphs. 
In Hong Kong, electricity is supplied by two electric 
utilities. They are China Light & Power Co. Ltd. (CLP) and 
Hongkong Electric Co. Ltd. (HEC). CLP supplies electricity to 
Kowloon and the New Territories (including the Lantau Island, 
.' 
Cheung Chau and some outlying islands) while HEC supplies 
electricity to the Hong Kong Island, Ap Lei Chau and the Lamma 
Island. Since the two electric utilities serve entirely 
different areas and there is no close substitute for 
electricity, they are monopolies in their own service areas. 
However, the monopoly status of CLP and HEC are not protected 
by the Government since they have not been given franchises on 
electricity supply in Hong Kong. In fact, they are natural 
monopolies due to substantial economies of scale involved in 
supply of electricity. So far, no electricity supplier has 
tried to compete with CLP or HEC. 
Due to a lack of competitive pressure, monopolies are 
usually inefficient. Also, they charge monopoly prices which 
cause welfare loss to the society. Governments want to ensure 
that monopolies are always trying to minimize cost (produc tion 
cost, administration cost etc.) and the benefits derived from 
cost reductions can be passed to the public through price 
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cuts. They also want the monopolies to be responsive to 
changing demand and the products or services provided to be of 
high quality. To achieve these objectives, the best way is to 
introduce competition to the monopolies. However, this is not 
always possible. For example, there is no way to introduce 
~ 
competition to natural monopolies, like CLP and HEC. Under 
such circumstances, regulation schemes are usually employed by 
governments as second best solutions to the problem of 
monopoly. 
It is worth to note that regulation of monopoly always 
leads to a principal-agent problem. Due to asymmetric 
information (demand, cost, technology of production etc.) 
between the principal (the regulator) and the agent (the 
regulated firm), it is not easy to design and implement an 
efficient regulation scheme (see Baron and Myerson, 1982 and 
Laffont, 1994). 
Since early 1960s, CLP and HEC have been regulated by the 
Government under similar Schemes of Control. These schemes are 
rate of return (ROR) regulation schemes and their main feature 
is the restriction over the rate of return. The idea is that 
the regulated firm should not be allowed to earn an excessive 
profit made possible by its monopoly status. Under such 
regulation schemes, the annual permitted profit of each 
electric utility is equal to a fixed 'percentage of the average 
4 
net fixed asset of the utility. 
One of the drawbacks of ROR regulation is that it will 
lead to overcapitalization of the regulated firm. According to 
Averch and Johnson (1962), a firm under ROR regulation has an 
incentive to overcapitalize, in order to enlarge its asset 
base to justify a larger permitted profit. Consequently, the 
regulated firm tends to have an inefficient production 
process. 
In practice, a firm under ROR regulation tends to 
overestimate the growth of demand for its output, in order to 
have its expansion plan approved by the regulator. Due to a 
lack of information concerning the growth of demand, the 
regulator is usually ineffective in assessing whether the 
expansion plan is necessary or not. As a result, the expansion 
plan is usually approved. To finance the expansion plan, the 
firm has to increase its capital expenditure and it is likely 
that, the profit of the firm falls. At the same time, the 
permitted profit rises because of the increase in asset base. 
The result is that the actual profit becomes lower than the 
permitted profit and the price of output of the firm has to be 
raised. To sum up, the regulated firm gains (due to higher 
permitted profit) at the expense of the consumers (due to 
higher price of output) . 
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From the above, we see that in order to have efficient 
regulation, it is important for the government to acquire more 
information about the growth of demand for output of the 
regulated firm. So, in the case of regulation of CLP and HEC, 
it would be better if the Government has more information 
~ 
about the growth of demand for electricity in Hong Kong. To 
achieve this objective, it is necessary for the Government t o 
have a good understanding of the determinants of demand for 
electricity. In fact, it is the objective of this thesis to 
analyze the determinants of demand for electricity in Hong 
Kong. The findings of this thesis should thus be useful to the 
Government. 
with regard to the formulation of energy policies, 
knowledge of the determinants of demand for electricity is 
usually required. For example, in the formulation of energy 
conservation policy, the Hong Kong Government may need to know 
whether an increase in price of electricity is effect i ve in 
reducing the consumption of electricity. In that case, an 
accurate estimate of price elasticity of demand for 
electricity is required. 
Given all these, an analysis of the determinants o f 
demand for electricity in Hong Kong is worth doing. 
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1.2 Scope of Study 
The focus of this study is on residential demand, but 
industrial and commercial demand are also studied. 
The study is divided into two parts. In the first part, 
regression analysis of household demand for electricity i n 
Hong Kong is carried out. The model employed is a simultaneous 
equation model and the data used is cross-sectional household-
level data obtained from the 1989/90 Household Expenditure 
Survey conducted by the Census and Statistics Department. The 
dependence of household electricity consumption on price of 
electricity, income, living area, household size and 
temperature are investigated. Special attention is given to 
the magnitude of price and income elasticities of demand. 
Since cross-sectional data is used in the analysis, the 
elasticity estimates obtained are long-run elasticity 
estimates. 
In the second part, regression analysis of residential, 
industrial and commercial demand for electricity in Hong Kong 
is carried out. The model employed is the Flow Adjustment 
Model and the data used is aggregate-level data of Hong Kong 
from 1970 to 1993. The determinants of demand for electricity 
in the three sectors are studied. The use of the Flow 
Adjustment Model enables us to estimate both short -run and 
7 
long-run elasticities of demand. 
1.3 Organization of the Thesis 
This thesis is organized as follows 
Chapter 2 is a review of the literature. The difficulties 
and possible solutions in the modelling and estimation of 
demand for electricity are reviewed. 
Chapter 3 is an introduction to the electric power 
industry in Hong Kong. A description of the growth of 
electricity consumption in the residential, commercial and 
industrial sector is first given. This is followed by a 
discussion on various aspects of the two electricity suppliers 
in Hong Kong. 
Chapter 4 is a summary of previous studies on demand for 
electricity in Hong Kong. Studies using aggregate - level data 
and studies using micro-level data are addressed. 
Chapter 5 is a regression analysis of household demand 
for electricity in Hong Kong. The model employed and the data 
used are described in details. An analysis for the regression 
results are then p e rformed. 
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Chapter 6 is a regression analysis of residential, 
industrial and commercial demand for electricity in Hong Kong. 
Detail descriptions of the model and the data will be given. 
Results of the regressions are then analyzed. 
Chapter 7 is the conclusion of the thesis. An overall 
discussion of the findings is provided. Some recommendations 
for further studies are also made. 
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CHAPTER 2 REVIEW OF THE LITERATURE 
In his important survey paper, Taylor (1975) points out 
that there are two most important issues surrounding the 
apalysis of demand for electricity. The first one is about the 
differences between short-run and long-run demand for 
electricity. The second one is about the problems caused by 
decreasing block price schedules. In fact, these two issues 
are so important that they are not neglected in any 
econometric studies of demand for electricity. 
This chapter is a review of the studies on demand for 
electricity. The focus is on the two issues pointed out by 
Taylor. Section 2.1 is a review of the approaches that 
researchers use to distinguish between short-run and long-run 
demand for electricity. Section 2.2 is a review of the 
problems caused by decreasing block price schedules and how 
researchers deal with them. 
2.1 Short-Run and Long-Run Demand for Electricity 
Electricity is nqt consumed for its own sake, but in 
conjunction with electricity-using equipments for the services 
provided. Hence, demand for electricity is a derived demand. 
A change in the demand for end-use services will lead to a 
change in the demand for electricity. 
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In the short run, the stock of electricity-using 
equipments is fixed and only the utilization rate of such 
equipments can be varied. In the long run, both the stock of 
electricity-using equipments and its utilization rate can be 
v~ried. Short-run demand for electricity is quite different 
from long-run demand because in the short run, people's 
ability to substitute electricity by other fuels/factors or to 
substitute other fuels/factors by electricity or to provide 
more end-use services is limited by the existing stock of 
electrici ty-using equipments. It is thus expected that, short-
run demand for electricity should be more inelastic than long -
run demand. 
As pointed out by Bohi (1982), three basic approaches 
have been used to distinguish between short-run and long-run 
elasticities of demand for electricity. 
Simple Model of Demand for Electricity 
In the first approach, researchers interpret their 
estimated elasticities as short-run ones or long-run ones 
depending on the type of data they use. 
Some researchers interpret their estimated elasticities 
as short-run ones if they include the stock of electricity-
using equipments in the demand equations. This is because, by 
11 
definition, the stock of electricity-using equipments is fixed 
in the short run. Some of these researchers are Houthakker 
(1951), Henson (1984), Terza (1986) and Munley, Taylor and 
Formby (1990). 
Some researchers interpret their estimated elasticities 
as short-run ones if they use time-series data and interpre t 
their estimated elasticities as long-run ones if they use 
cross-sectional data. Some of these researchers are Wilson 
(1971) and McFadden, Puig and Kirshner (1977) . These 
interpretations of estimated elasticities are based on the 
assumptions that time-series data reflects short - run responses 
and cross-sectional data reflects steady state variations. 
The Model introduced by Fisher and Kaysen (1962) 
The second approach is introduced by Fisher and Kaysen 
(1962). In their model, demand for electricity (Q) is equal to 
the product of stock of electricity- using equipments (S) and 
its utilization rate (U), that is, 
Q = s*u 
or U = Q/S 
can 
In the short 
be written 
run, S is fixed and only U may be varied. U 
as a function of the determinan ts of 
12 
consumption of electricity : price of electricity (P) , income 
(Y) and a vector of other exogenous variables (Z) . Assuming a 
log-linear functional form, 
InU = aa + a 1 InP + a 2 InY + a 3 InZ + u 
where u is a disturbance term. It can be shown that a 1 is the 
short - run price elasticity and a 2 is the short-run income 
elasticity. 
In the long run, both Sand U may vary. However, for 
simplicity, U is assumed to be constant. S can be written as 
a function of the determinants of electricity price of 
electricity (P), income (Y) and a vector of other exogenous 
variables (Z). Assuming a log-linear functional form, 
InS = ba + b 1 InP + b 2 InY + b 3 InZ + v 
where v is a disturbance term. It can be shown that b 1 is the 
long-run price elasticity and b 2 is the long-run income 
elasticity. 
One weakness of this model is that, the utilization rate 
of stock of electricity- using equipments (U) is assumed to be 
constant in the long run. Furthermore, data of stock of 
electricity-using equipments is usually difficult to be 
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obtained and even if it can be obtained, its quality may not 
be good enough. 
This approach, despite its weaknesses, is still employed 
(Yfith some modifications) by many researchers like Acton, 
Mitchell and Sohlberg (1980), Hartman and Werth (1981) and 
Archibald, Finifter and Moody (1982). 
The Model introduced by Houthakker and Taylor (1970) 
The third approach is the Flow Adjustment Model 
introduced by Houthakker and Tiylor (1970) . The most important 
characteristic of this approach is that it does not require 
data of stock of electricity-using equipments. So, the data 
problem in the approach of Fisher and Kaysen (1962) described 
above is not present here. This is the reason why this 
approach is so commonly used. 
In this model, the desired level of consumption of 
electricity at period t (Qt*) is assumed to be a function of 
price of electricity at period t (Pt), income at period t (Y t ) , 
other exogenous variables at period t (Zt) and a disturbance 
term (Ut) , 
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The adjustment process is assumed to be, 
g ( lnQt * - lnQt_l) for 0 < g < 1 
where Qt and Qt-l are the actual level of consumption at period 
~ . 
t and t-l respectively. 
Combining these two equations, we can eliminate Qt* to get 
the demand equation to be estimated, 
lnQt (bog) + (b1g) lnPt + (b2g) lnYt + (b3g) lnZt 
+ (I-g) lnQt-l + (utg) 
where b1g and b 2g are the short-run price elasticity and short-
run income elasticity respectively. 
To derive the long-run elasticities, we note that, in the 
long run, Qt = Qt-l. So, 
or 
where b 1 and b 2 are the long-run price elasticity and long-run 
income elasticity respectively. Therefore, each long- run 
elasticity can be obtained by dividing the corresponding 
15 
short-run elasticity by g. 
Some of the studies that employ this approach (or similar 
approaches) are Murray, Spann, Pulley and Beauvais (1978), 
B~ierlein, Dunn and McConnon (1981), Berndt and Samaniego 
(1984), Chou (1985), Shin (1985), Westley (1989), Chang and 
Hsing (1991) and Lyman (1994). The following paragraphs are 
brief descriptions of some of these studies. 
In Westley's (1989) study of residential demand for 
electricity in Costa Rica, he employs the Flow Adjustment 
Model with some modifications. In specifying the adjustment 
process, 
for 0 < g < 1 
Westley assumes that the adjustment rate (g) is not a constant 
(as in the ordinary Flow Adjustment Model), but depends on the 
difference between the desirable consumption and the lagged 
consumption (Qt*· - Qt -l)' In other words, the adjustment· rate is 
dependent on the direction and magnitude of adjustment to be 
made. Like other studies, the desirable consumption (Qt*) is 
assumed to be dependent on price of electricity (Pt), income 
(Yt ) and other exogenous variables (Zt), 
16 
-As usual, Westley combines the two equations to eliminate Qt* 
to get the demand equation to be estimated. He tries three 
functional forms for the adjustment rate (g ) and the results 
generally agree with the expectations that the adjustment rate 
., 
is dependent on the direction and magnitude of adjustment to 
be made. Specifically, the adjustment rate is higher for 
upward changes in Qt than for downward changes and it is also 
higher for larger changes in Qt than for smaller changes. 
In Chang and Hsing/s (1991) study of residential demand 
for electricity, they use the Flow Adjustment Model to 
circumvent the difficult problem of finding accurate data on 
energy-using appliances. The special feature of this study is 
the use of a general functional form which allows the 
elasticities to vary. The demand function to be estimated is: 
Qt (rn) b b P (rn ) b Y (rn ) b P (rn ) b Q ( rn ) b D 1 + 2 t + 3 t + 4 g t + 5 t -1 + 6 t + Ut 
where 
Qt = per capita residential demand for electricity at year t 
Pt = average real price of electricity at year t 
Yt = per capita real disposable income at year t 
Pgt average real price of natural gas at year t 
Dt 1 for year 1974 (zero othe rwise) 1 
1 Chang and Hsing use the dummy variable to take into 
account the downward shift in demand for electricity in 1974 
due to the oil crisis. 
17 
m a transformation parameter 
and for any variable X (except the dummy variable ) , 
When m tends to zero, the demand equation reduces to the 
double-log form. When m=l, the equation reduces to the linear 
form. The short run elasticity and long run elasticity for Xt 
are given by, 
The parameters in the demand equation are estimated by 
the maximum likelihood method. Using data of US in the 
estimation, their major findings are (a ) long-run own-price 
elasticity decreased in absolute value from 2.13 to 1.19 
during the period 1950-87; (b) long-run income elasticity 
decreased from 1.29 to 0.97 during the same period; (c) long-
run cross-price elasticity with respect to price of natural 
gas dropped from 0.40 to 0.29 during the same period. 
Like many other studies which lack data on the stock of 
electricity- using equipme nts, Lyrnan (1994) employs the Fl ow 
18 
Adjustment Model in the study of residential demand for 
electricity in the Philippines. He uses the following 
functional form for the demand equation 
lnQt = a o + (a1 lnX1t + .. + a k lnXkt ) + (b 1 I 1 + .. + bn I n) 
+ C ln Qt -1 + Ut 
where Qt is the consumption of electricity in year t, Xit are 
explaining variables, Ut is a disturbance term and I j are 
interaction terms given by 
The data used is cross-sectional data for only two years (1986 
and 1987) and it is collected for 115 Philippine electric 
cooperatives . 
The special feature of this study is that it is the first 
to study demand for electricity in a developing country with 
data disaggregated to level of electric cooperatives. Previous 
studies suggest that demand for electricity in developing 
countries are quite different from demand in developed 
countries such as us. However, previous studies on electricity 
demand in developing countries usually use highly aggregated 
data and the determinants of demand are restricted to a few 
variables. Lyman's study offers findi~gs on the importance of 
19 
more detailed and disaggregated information including 
variables (such as % of income allocated to housing 
expenditures, whether the electric cooperative is i n an urban 
or rural location, % of population underemployed, etc. ) 
introduced as conditional equivalent scales. 
Remarks 
To conclude, all the three approaches described above 
(simple model, the model introduced by Fisher and Kaysen and 
the Flow Adjustment Model) are very commonly used in studies 
of demand for electricity. It sho~ld also be pointed out that 
studies using aggregate-level data usually employ the first or 
the third approach while studies using micro-level data 
usually employ the first or the second approach. 
2.2 Decreasing Block Pricing 
Electricity is usually sold at decreasing block prices. 
That is, the price per kilowatt-hour (KWH ) is constant over a 
range of KWH (a block), but decreases with blocks involving 
increased consumption. Specifically, a consumer's electric 
bill is calculated as follows : 
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where BILL is the expenditure; Fe is a f ixed charge; P1 , P2 a nd 
Pn are the prices charged in the first, the second and the nth 
block; X1 , ' X2 and Xn are the amount of electricity consumed i n 
the first, the second and the nth block and n indexes the 
block in which the actual consumption level of this consumer 
, 
falls. To this consumer, Pn is the marginal price and P1 , P2 , 
. .. Pn - 1 are the intramarginal prices. 
Figure 2.1 shows a decreasing block price schedule (t wo 
block case) and Figure 2.2 shows the corresponding budget 
constraint for a consumer. 
Decreasing block price schedules caus~ two problems in 
econometric studies of demand for electricity. Firstly, the 
consumers of electricity do not face a single price, but a 
price schedule. This raises a question - whether average price 
or marginal price or something else should be inc l uded in the 
demand equation as a measure of price? Secondly, under 
decreasing block pricing, average price or marginal price of 
electricity decrease as the quantity of electricity consumed 
increases. This means that price of electricity depends on the 
quantity of electricity consumed and so, both quantity of 
electricity consumed and price of electricity are determined 
endogenously in the model. Therefore, even if an appropriate 
price variable has been chosen, we still have to solve t h e 
problem of simultaneous equation bia~ caused by decreasing 
21 
block pricing. 
The Choice of an Appropriate Price Variable 
Houthakker (1951) says that marginal price of 
> 
electricity, instead of average price, should be included in 
the demand equation because consumers maximize their utilities 
by equating utility and cost at the margin (Figure 2.3). 
The ·' viewpoint of Houthakker is widely accepted. However, 
many researchers do not have data of marginal price and this 
is particularly true for studies llsing aggregate-level data. 
Therefore, some of these researchers, like ~isher and Kaysen 
(1962), Houthakker and Taylor (1970), Mount, Chapman and 
Tyrrell (1973), use average price of electricity which is 
obtained by dividing quantity consumed into total expenditure. 
Other researchers calculate a proxy for marginal price of 
electricity from Typical Electric Bills (TEB) data. TEB data 
are the average amount paid for various kilowatt-hours of 
electricity consumed. In the United States, these specific 
consumption levels are 
(a) Residential TEB 250, 500, 750, 1000, KWH/month 
(b) Industrial TEB 30000, 60000, 200000, KWH/month 
(c) Commercial TEB 750, 1500, 6000, KWH/month 
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As Taylor (1975) points out, the specific consumption levels 
of TEB data do not necessarily conform to blocks in actual 
price schedules. This implies that TEB data do not yield 
actual price schedules, but only approximations to them. In 
addition to that, which marginal price to use is arbitrary. 
~ 
For example, in studies of residential demand, we may use 
marginal price in the 250 to 500 KWH interval or 500 to 750 
KWH interval or 750 to 1000 KWH interval etc .. Therefore, 
using marginal price calculated from TEB data can lead to a 
bias in the estimate of price elasticity of demand. 
Halvorsen (1975, 1976) favours the use of marginal price 
in his simultaneous equation model which con~ists of a demand 
equation and a price equation, but he does not have marginal 
price data. However, he shows that when both the demand 
equation and the price equation are log - linear, the 
elasticities of demand estimated with average price data will 
be equal to that obtained with marginal price data and only 
the intercept term will be affected (the proof is reproduced 
in Appendix A.l) . 
Taylor (1975) argues that "marginal price only conveys 
part of the information required, for a single marginal price 
is relevant to a consumer's decision only when he is consuming 
in the block to which it attaches; it governs behaviour while 
the consumer is in that block, but i ~ does not, in and of 
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itself, determine why he consumes in that block as opposed to 
some other block". Taylor also shows two things. Firstly, 
consumers ' react not only to a change in the marginal price, 
but also to a change in the fixed charge or a change in an 
intramarginal price. Secondly, a change in the fixed charge 
(Figure 2.4) or a change in an intramarginal price (Figure 
2.5) are equivalent to an income effect. Therefore, Taylor 
concludes that the use of marginal price alone is not 
sufficient because it cannot capture the income effect caused 
by changes in the fixed charge or changes in an intramarginal 
price. Finally, he suggests that both a marginal price and an 
average price2 should be included - in the demand equation, so 
that any income effect caused by changes in the fixed charge 
or changes in an intramarginal price can be captured by the 
average price variable. Although Taylor's suggestion lS 
followed by just a few economists, like Roth (1981) and 
Garbacz (1983), he has introduced an important concept : the 
impact of a block price schedule can be divided into an income 
effect and an own price effect . 
Nordin (1976) demonstrates, with a simple example, that 
Taylor's approach, using both marginal price and average price 
in the demand equation, can sometimes lead to incorrect 
results. However, Nordin still agrees with Taylor that the 
2 This is the average price of e ~ ectricity consumed up 
to, and not including, the final block. 
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impact of a decreasing block price schedule can be divided 
into an income effect and an own price effect. He says that 
the income effect should be captured by a premium equal to the 
difference between the consumer's current bill and what it 
would have been if he has purchased all of his electricity at 
the price associated with his current block. In other words, 
this premium, later called the Rate Structure Premium (RSP) , 
is a' lump sum that the consumer has to pay before being 
allowed to buy as many units of electricity as he wants at the 
marginal price. Specifically, " the Rate Structure Premium is 
given by, 
RSP = BILL - PnQ 
= BILL - P n (Xl + X2 + ... + Xn) 
= Fe + (Pl-Pn) Xl + (P2 -Pn) X2 + .... + (Pn-l -Pn) Xn-l 
Therefore, Nordin proposes that, under decreasing block 
pricing, both the RSP and the marginal price should be 
inc I uded in the demand equation. Nordin' s sugge s t ion is 
followed by many researchers. Some researchers, like Acton, 
Mitchell and Sohlberg (1980), Hartman and Werth (1981) and 
Henson (1984), follows Nordin' s suggestion directly. Many 
other researchers, like Barne s, Gillingham and Hagemann 
(1981), Archibald, Finifter and MoOdy (1982), Garbacz (1984) 
and Terza (1986) realize that, theoretically, the effect of 
the RSP should be equal to and opposite in sign from the 
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effect of income. So, in the estimated demand equation, they 
subtract the RSP from income and include the marginal price as 
the price ·variable. Today, this approach is one of the most 
commonly used approaches in studies of demand for electricity 
involving decreasing block price schedules. 
Wilder and Willenborg (1975) prefers average price to 
marginal price in their estimation of household demand for 
electricity. They have two reasons. Firstly, they believe that 
consumers respond to their total electricity bill and rarely 
knows what the marginal prices are. Secondly, they agree with 
Halvorsen's point of view that when both the demand equation 
and the price equation are log-linear, the elasticities of 
demand estimated with average price data will be equal to 
those that would be obtained with marginal price data and only 
the intercept term will be affected. Parti and Parti (19 80), 
like Wilder and Willenborg, also believe that consumers 
respond to average price rather than marginal price. 
Brown, Hoffman and Baxter (1975) finds empirically that 
most consumers do not know the electricity price schedule, 
though they have knowledge of electricity bills. 
Garbacz (1984) suggests that the debate of which price 
variable should be included in the demand equation should be 
resolved by an empirical study. That ~ s, whether consumers 
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respond to marginal price or average price or anything else 
should be an empirical question. 
Shin 
price is 
(1985) says that 
usually costly 
information regarding marginal 
and he finds emp i r i cally that 
consumers respond to average price perceived from the 
electricity bill, rather than to actual marginal price, in 
determining the amount of electricity to consume. 
In conclusion, today, there are two commonly adopted 
approaches in the studies of demand for electricity involving 
decreasing block price schedules. ~he first one is the use of 
a marginal price variable with the income adj~sted by the Rate 
Structure Premium. This approach is mainly employed in studies 
of micro-level data in which marginal price data and price 
schedule information are obtainable. The second one is the use 
of an average price variable . This approach is usually used in 
studies of aggregate-level data and sometimes used in studies 
of micro-level data. 
In this thesis, we use average price of electricity, 
rather than marginal price, in the regression analysis. This 
is because, in Hong Kong, information concerning price 
schedules of electricity is not easily obtainable. For 
example, such information is not shown in elect r ic bi l ls. So 
we assume that consumers of electricity response to average 
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price perceived from electric bill, rather than to actual 
marginal price. 
Identification Problem 
As mentioned before, in the presence of decreasing block 
price schedules, observed average price or marginal price of 
electricity decreases with the quantity of electricity 
consumed. This means that price is dependent on quantity of 
electricity consumed and an identification problem resulted. 
Therefore, OLS estimates of the parameters in the demand 
equation are biased and inconsistent. In view of this problem, 
different researchers have different approacpes. 
Earlier studies of demand for electricity often use 
aggregate-level data. These studies usually use average price 
or a proxy of marginal price calculated from TEB data as a 
measure of price in the demand equation. For those studies 
using average price, the researchers usually ignore the 
identification problem caused by decreasing block price 
schedules and just report the OLS estimates of the parameters 
in the demand equation. For those studies using a proxy of 
marginal price calculated from TEB data, they do not suffer 
from the identification problem caused by decreasing block 
price schedules because the marginal price calculated from TEB 
data is a predetermined price which i~ not dependent on the 
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quantity of electricity consumed. However, since the marginal 
price calculated from TEB data does not correspond to marginal 
price of . actual price schedules, the estimates in these 
studies are still biased. 
Halvorsen (1973) establishes a simultaneous equation 
model in order to solve the identification problem caused by 
decreasing block price schedules. The model consists of a 
demand equation and a price ~quation and these two equations 
are of the following general forms : 
Demand equation 
Price equation 
Q .Q (P, W, u) 
P = P(Q, Z, v) 
where Q and P are the quantity of electricity consumed and the 
price of electricity respectively. W is a vector of exogenous 
variables that explain quantity of electricity consumed. Z is 
a vector of exogenous variables that determine the shape and 
location of the price schedule. u and v are disturbance terms. 
The two equations are estimated by Two Stage Least Square 
(2SLS) method. Halvorsen tries two alternative specifications 
of the price equation. In the first specification, X cons i sts 
of variables affecting the cost of supply (e.g. cost of fuel, 
cost of labour, population density etc.), since supply price 
is presumably related to costs. In the second specification, 
TEB variables (e.g. residential TEB for purchases of 250, 500 
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and 750 KWH/month) are used as direct measures of the shape 
and location of the price schedules. These two specifications 
of the price equation are both criticized by Taylor (1975). 
For the first specification, it is not clear how costs are to 
be measured and the situation is made more compl i cated by the 
, 
fact that profits of electric utilities are regulated. For the 
second specification, TEB data does not yield the actual price 
schedules, but only approximations to them. Taylor suggests 
that a better specification of the price equation is to relate 
price of ~lectricity to the actual price schedules. 
Wilder and Willenborg (1975) and Garbacz (1984) , 
influenced by Halvorsen (1973, 1975), also establish 
simultaneous equation models to solve the identification 
problem caused by decreasing block price schedules in their 
studies of household demand for electricity. 
McFadden, Puig and Kirschner (1977) uses an Instrumental 
Variables (IV) method to obtain consistent estimates of price 
elasticity of demand in their study of household demand for 
electricity. They regress observed household electricity 
consumption on exogenous variables in the demand equation as 
well as TEB data at specific consumption levels. The 
regression results are then used to predict demand quantity 
for each household in the sample. The predicted demand 
quantities are used to interpolate th~ TEB data to obta i n 
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predicted price of electricity for each household. The 
predicted price is then used as instrumental variable for 
observed price in the OLS estimation of the demand equation. 
Barnes, Gillingham and Hageman (1981), Dubin and McFadden 
(1984) and Henson (1984) make slight modifications to the 
approach of McFadden, Puig and Kirschner (1977) and apply the 
new approach to their studies of household demand for 
electricity. 
Henson (1984) points out and verifies that if the 
decreasing block price schedules are relatively flat, the bias 
of OLS estimates using average price or marginal price (with 
incomes adjusted by Rate Structure Premiums) calculated at a 
predetermined consumption level, should be small and 
acceptable. 
Terza (1986) says that the simultaneous equation model 
method due to Hal vorsen (1973) and Wilder and Willenborg 
(1975) and the IV method due to McFadden, Puig and Kirschner 
(1977) tend to overcompensate the simultaneous equation bias 
caused by decreasing block price schedules because both these 
two methods involve an artificial linearization of the 
decreasing block price schedules. In other words, under 
decreasing block price schedules, OLS tends to overestimate 
the price elasticity of demand (in absolute value) while the 
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simultaneous equation model method and the IV method tend to 
underestimate the price elasticity of demand. In view of this 
problem, Terza employs a Two Stage Probit (TSP ) method 
developed by Terza and Welch (1982). The TSP method 
incorporates an ordinal probit model which can capture the 
discrete and discontinuous nature of household responses to 
decreasing block pricing. Therefore, the TSP method does not 
require a linear approximation to the decreasing block price 
schedules and so, it is free from the bias that comes with the 
simultaneous equation model method or the IV method. 
To conclude, the simultaneous· equation model method, the 
IV method and the TSP method are generally accepted by 
researchers as solutions to the simultaneous equation bias 
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Consumption of electricity 
(KWH) 
Figure 2.1 : Decreasing Block Price Schedule (Two Block Case) 
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All other goods 
Electricity (KWH) 
Figure 2.2 : Budget Constraint under Decreasing Block Pricing (Two Block Case) 
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All other goods 
Electricity (KWH) 
Figure 2.3 : Consumer Equilibrium under Decreasing Block Pricing (Two Block Case) 
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All other goods 
Electricity (KWH) 
Figure 2.4 : Effect of a Change in Fixed Charge (Two Block Case) 
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All other goods 
Electricity (KWH) 
Figure 2.5 : Effect of a Change in Intramarginal Price (Two Block Case) 
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CHAPTER 3 THE ELECTRIC POWER INDUSTRY IN HONG KONG 
This ,chapter is a brief introduction to the electric 
power industry in Hong Kong. Section 3.1 describes the growth 
of electricity consumption in the residential, commercial and 
industrial sector over the period from 1970 to 1993. Section 
3.2 describes the two electricity suppliers in Hong Kong. 
3.1 The Growth of Electricity Consumption 
Table 3.1 shows the growth of electricity consumption in 
Hong Kong during the period from' 1970 to 1993. We can see 
that, consumption of electricity increases . for every year 
except 1974. The total consumption in 1993 is 99810 terajoules 
which is 6.2 times the amount consumed in 1970. The average 
growth rate during that period is 8.3%. 
From 1970 to 1993, residential consumption grows by 7 . 1 
times. This reflects the fact that higher income allows more 
electrical appliances to be purchased and allows the 
electrical appliances, such as air-conditioners, to be more 
frequently utilized. Over the same period, commercial and 
industrial consumption grow by 8.6 times and 3.5 times 
respectively. This reflects the development of the Hong Kong 
economy. The commercial sector has been expanding fast while 
the industrial sector has experienced fast growth in the 
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1970s, mild growth later and even negative growth in recent 
years. 
3.2 The Two Electricity Suppliers 
As described in Chapter 1, there are two electric i ty 
suppliers in Hong Kong, namely, China Light & Power Co. Ltd. 
(CLP) and Hongkong Electric Co. Ltd. (HEC). 
HEC ' was incorporated in Hong Kong in 1889 and started to 
provide street light in 1890. It now supplies electricity to 
the Hong Kong Island, Ap Lei Chau and the Lamma Island. It 
owns the generation facilities as well as the transmission and 
distribution network. 
CLP was incorporated in Hong Kong in 1901 for the purpose 
of supplying electricity to Canton and Kowloon and was wound 
up and reincorporated in 1918. It now supplies electricity to 
Kowloon and the New Territories (including the Lantau Island, 
Cheung Chau and some outlying islands) and exports electricity 
to Southern China since 1979 . It owns the transmission and 
distribution network and the electricity transmitted is bought 
from three associated companies: Castle Peak Power Co. Ltd., 
Hong Kong Pumped Storage Development Co. Ltd. and Guangdong 
Nuclear Power Joint Venture Co. Ltd .. 
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The distribution networks of CLP and HEC have been 
interconnected by a cross-harbour link since 1981. This 
provides emergency back-up and achieves cost savings through 
economic energy transfers between the two systems and a 
reduction in the amount of generating capacity that needs to 
be kept as spinning reserve. 
Both CLP and HEC do not have a franchise on electricity 
supply. They are natural monopolies due to enormous economies 
of scale in electricity supply. There is no competition 
between them since they serve entirely different areas and 
they are regulated by the Government under similar Schemes of 
Control. 
The Scheme of Control 
Since early 1960s, the financial operations of CLP 
(together with its associated generating companies) and HEC 
have been subj ect to Schemes of Control agreed wi th the 
Government. The current schemes for CLP and HEC came into 
effect on 1st October 1993 and 1st January 1994 respectively. 
Both will last for 15 years. 
Under the Schemes of Control, the rate of return of both 
companies are restricted. For both companies, the annual 
permitted return is the sum of 13.5% of average net , fixed 
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assets and 1.5% of average net fixed assets financed by 
shareholders' investments after a certain date, 30th September 
1978 for CLP and 1st January 1979 for HEC. Any difference 
between the profit for Scheme of Control and t he permitted 
return has to be transferred to or from a Deve l opment Fund. 
Each company's Development Fund also serves as a source of 
financing for capital expansion of the company and it is not 
part of distributable shareholders' funds. The profit that is 
available to shareholders is the permitted return less an 
amount reserved for consumer rebates (8% of the average 
balance of the Development Fund) and the interest payable (up 
to a maximum of 8% per annum) on iong-term financing. 
In addition to the restriction on rate of return, 
expansion plans and tariff adjustments of the two companies 
have to be examined and approved by the Government in 
financing reviews. 
Operating Statistics of The Two Suppliers 
Table 3.2 and Table 3.3 shows the generating capacity, 
peak demand, annual production, capacity reserve, plant factor 
and load factor of CLP and HEC respectively. During the period 
from 1970 to 1993, the peak demand of CLP has increased by 7.4 
times while the peak demand of HEC has increased by 6.3 times. 
To cope with the increasing peak demand, the two compa n ies 
41 
have been expanding their generating capacities. In 1993, the 
capacity reserve for CLP is 23% (of the peak demand) while 
that for HEC is 36%. Capacity reserve is necessary because 
generating plants, like other mechanical equipment, can fail 
during their operation (so they need backup). However, too 
much capacity reserve is also undesirable because these 
generating facilities are idle under normal operation. It 
should be noted that, according to Averch and Johnson (1962 ) , 
a firm under rate of return regulation has an incentive to 
overcap{talize to justify a larger permitted profit. So, it is 
not surprising if CLP and HEC are having too much capacity 
reserve. Whether this is true deserves further investigation. 
Plant factor (for electricity supply) is a measure of 
utilization rate of the generating capacity. It is equal to 
the ratio of annual production to the amount of electricity 
that would have been produced if the generating capacity were 
fully utilized. It is undesirable to have a low plant factor 
because it means low utilization rate of the facilities. A low 
plant factor may be caused by a high capacity reserve or a low 
load factor (described below). In 1993, the plant factor for 
CLP is 48% while that for HEC is only 40%. 
Load factor (for electricity demand) is the ratio of 
average demand to peak demand in a year. A low load factor 
means that the average demand is low relative to the peak 
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demand. This implies that the generating capacity required is 
large (to cater for the relatively high peak demand), but 
their utilization rate is low (because the average demand is 
relatively low). A low load factor necessarily causes a low 
plant factor and, therefore, is undesirable. In 1993, CLP 
faces a load factor of 59% while HEC faces a load factor of 
54%. These low load factors is a cause of their low plant 
factors. 
Table 3.4 shows the electricity generating capacity, 
annual production and plant factor in high income economies in 
1990. We can see that electricity supply in Hong Kong has a 
plant factor of 39.6% which is relatively low among the high 
income economies. This implies that the electricity suppliers 
in Hong Kong have either a comparatively high capacity reserve 
or a comparatively low load factor or both. 
Table 3.5 shows the system loss (as a percentage of total 
output) of electricity supply in high income economies in 
1990. System loss covers the losses in generation, 
transmission and distribution. It also includes electricity 
consumed within the electricity companies, such as for the 
office and for the staff residence. We can see that the system 
loss of electricity supply in Hong Kong is the largest (we 
neglected United Arab Emirates which has no data) among the 23 
high income economies. 
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The relatively low plant factor and high system loss of 
electricity supply in Hong Kong seem to suggest that the 
electricity suppliers in Hong Kong are not operating 
efficiently when compared with electricity suppliers in other 
high income economies. One possible cause for this phenomenon 
is that, under the current Schemes of Control, CLP and HEC do 
not have much incentive to improve their operating efficiency. 
This issue is a worth noting one, but more research work have 
to be done before persuasive conclusions can be drawn. 
Average Charge of Electricity 
Table 3.6 shows the average charge of electricity in Hong 
Kong during the period from 1970 to 1993. It is obtained by 
dividing quantities of electricity consumed into the 
corresponding sales revenue. Over that period, the average 
charge of HEC is always higher than that of CLP. For example, 
in 1993, the average charge of HEC is 0.2082 dollar per 
megajoule which is 25.4% higher than that of CLP. The 
persistently higher charges of HEC may be due to higher 
operating costs of HEC over CLP. 
From 1970 to 1993, the average charge of CLP has 
increased by 5.1 times while that of HEC has increased by 5.4 
times. The increase in electricity charge is most serious in 
1974, 1979, 1980 and 1981 due to the ~il crises. Looking a t 
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Table 3.1 again and check the amount of total consumption of 
electricity in these years, we find that the large increase in 
price of electricity has not caused large decrease in 
consumption. This suggests that price of electricity may not 
be an important determinant of electricity consumption in Hong 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 3.5 : System Loss of Electricity Supply in High Income Economies (1990) 
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Source : World Development Report 1994 
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Table 3.6 : Average Charge of Electricity in Hong Kong (1970-1993) 
CLP HEC 
Year Average Charge Average Charge (HK$/megajoule) (HK$/megajoule) 
1970 , 0.0327 0.0384 
1971 0.0348 ( 6.4) 0.0389 ( 1.3) 
1972 0.0343 (-1.4) 0.0390 ( 0.3) 
1973 0.0322 (-6.1) 0.0378 (-3.1) 
1974 0.0531 (64.9) 0.0576 (52.4) 
1975 0.0574 ( 8.1) 0.0621 ( 7.8) 
1976 0.0571 (-0.5) 0.0614 (-1.1) 
1977 0.0584 ( 2.3) 0.0637 ( 3.7) 
1978 0.0579 (-0.9) 0.0635 (-0.3) 
1979 0.0702 (21 .2) 0.0789 (24.3) 
1980 0.1012 (44.2) 0.1059 (34 .2) 
1981 0.1501 (48.3) 0.1555 (46.8) 
1982 0.1482 (-1.3) 0.1553 (-0.1) 
1983 0.1544 ( 4.2) · 0.1692 ( 9.0) 
1984 0.1538 (-0 .4) 0.1680 (-0.7) 
1985 0.1559 ( 1.4) 0.1672 (-0.5) 
1986 0.1532 (-1.7) 0.1611 (-3.6) 
1987 0.1529 (-0 .2) 0. 1570 (-2.5) 
1988 0.1518 (-0.7) 0.1569 (-0.1) 
1989 0.1552 ( 2.2) 0.1638 ( 4.4) 
1990 0.1584 ( 2.1) 0.1772 ( 8.2) 
1991 0.1603 ( 1.2) 0.1892 ( 6.8) 
1992 0.1643 ( 2.5) 0.1988 ( 5.1) 
1993 0.1660 ( 1.0) 0.2082 ( 4.7) 
Note Figures in brackets denote % changes over the preceding year 
Source Hong Kong Energy Statistics (various years) 
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CHAPTER 4 PREVIOUS STUDIES ON DEMAND FOR ELECTRICITY IN HONG 
KONG 
This chapter is a brief review of previous studies on 
demand for electricity in Hong Kong. It is divided into two 
parts. In the first part, studies using aggregate-level data 
are reviewed. In the second part, studies using micro-level 
data are reviewed. 
4.1 Studies using Aggregate-Level Data 
Study by E. Mao 
In her master's thesis, Mao (1980) studies residential 
and industrial demand for electricity in Hong Kong. The data 
used in the study is annual data covering the period from 1968 
to 1977 for the China Light & Power Co. Ltd. (CLP) and the 
period from 1968 to 1975 for the Hongkong Electric Co. Ltd. 
(HEC) . 
For each of the two electric utilities, she estimates a 
residential demand equation and an industrial demand equation. 
The model she employs is a simultaneous equation model wh i ch 
consists of a demand equation and a price equation. 
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For residential demand, the model is 
where 
QRS ~ f(Prar, Yr, Srgr, T) 
Prar = g(F, Lcr, QRS, QDS) 
QRS = residential demand for electricity (million KWH) 
Prar real average price of electricity to residential users 
($/KWH) 
Yr real income per capita ($) 
Srgr = real average price of coal gas to residential users 
($/therm) 
T time 
F fuel cost ($/ton) 
Lcr real wage rate for workers in the electric company 
($/man-hour) 
QDS industrial demand for electricity (million KWH ) 
For industrial demand, the model is 
where 
QDS = f(Pdar, DE, T, Mwr) 
Pdar = g(F, Lcr, QRS, QDS) 
QDS = industrial demand for electrici~y (million KWH) 
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Pdar = real average price of electricity to industrial users 
( $/KWH) 
DE = real domestic exports ($) 
T time 
Mwr real wage rate for manufacturing workers ($/day) 
F fuel cost ($/ton) 
Lcr real wage rate for workers in the electric company 
( $/man-hour) 
QRS = residential demand for electricity (million KWH ) 
Mao estimates the demand equations and the price 
equations by Two Stage Least Squares 2SLS) method a n d she also 
estimates the demand equations by Ordinary Least Squares 
method. Here, we reproduce the results obtained by 2SLS (t -
statistics in parenthesis) 
(a) Residential demand (CLP) 
lnQRS - 4.319 - 0.208 lnPrar t _1 + 1.265 lnYr + 0.337 lnSrgr 
( - 1.64) ( - 0.43) 
+ 0.057 lnT 
(0.82) 
(5.70) 
Standard error of estimate = 0 . 024; 
D- W = 2.48 
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(0.72 ) 
(b) Residential demand (HEC) 
lnQRS - 11.800 - 4.468 lnPrar - 0.349 lnYr + 1.785 lnSrgr 
(1.11) (-2.12) (-0.47) (4.19) 
+ 0.249 lnT 
(2.51) 
Standard error of estimate 
D-W = 3.49 
0.028; 
(c) Industrial demand (CLP) 
lnQDS 3.720 - 0.655 lnPdar t _1 + 0.277 DE + 0.398 lnT 
(3.28) (-2.69) (1.67) (12.09) 
+ 0.726 lnMwr 
(4.89) 
Standard error of estimate = 0.024 
D-W = 2.70 
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(d) Industrial demand (HEC) 
lnQDS = ·7.094 - 0.859 lnPdar + 0.062 lnDE + 0.289 lnT 
(0.73) (-1.47) 
- 0.125 lnMwr 
(-0.47) 
Standard error of estimate 
D-W = 2.929 
(0.07) (1.30 ) 
0.035 
In her study, Mao uses time-series data which usually 
reflects short-run fluctuations . ' However, she excludes the 
variable 'electrical equipment' in the demand equations. In 
the short run, the stock of electricity-using equipments 
should be fixed and so, this variable should be included in 
the demand equations. 
Looking at the regression results for residential demand, 
own price elasticity is very different for CLP and HEC ( -0 . 208 
for CLP and -4.468 for HEC) . This is also true for income 
elasticity (1.265 for CLP and -0.349 for HEC) and cross pric e 
elasticity (0.337 for CLP and 1.785 for HEC). For industrial 
demand, price elasticity is quite close for CLP and HEC ( -
0.655 for CLP and -0.859 for HEC) while the elasticity with 
respect to wage rate of manufacturing workers is very 
different for CLP and HEC (0.726 for CLF and - 0.125 for HEC ) . 
56 
The above findings are quite implausible. This is 
because, first, the elasticity estimates of CLP and HEC differ 
a lot. Second, some of the estimates have incorrect signs or 
unexpectedly large magnitudes. 
Study by W.L. Chou 
Chou's (1985) study on demand for electricity in Hong 
Kong includes two aspects. Firstly, she estimates industrial, 
commercial, residential and total demand for electricity 
(kilowatt-hour demand) . Secondly, she estimates the peak 
demand for electricity (kilowatt demand) . The data used in the 
study are quarterly data (second and third quarters) covering 
the period from 1973 to 1980 for the China Light & Power Co. 
Ltd. (CLP). 
In order to distinguish between short-run demand and 
long-run demand, Chou employs a partial adjustment model. 
Using the estimated coefficient of the lagged dependent 
variable, long run elasticities can be derived from short run 
elasticities. Chou estimates five demand equations which are 






equation number (l=industrial demand, 2=commercial 
. demand, 3=residential demand, 4=total demand, 
5=peak demand) 
the summer quarters (second and third quarters) 
kilowatt-hour demand (for i=l to 4 ) or kilowatt 
demand (for i=5) 
deflated average price per KWH consumed 
deflated disposable income 
. temperature 
demand lagged 4 quarters 
disturbance term 
The equations of industrial, commercial, residential and total 
demand are estimated individually using OLS and jointly using 
Seemingly Unrelated Regressions (SUR). The peak demand 
equation is estimated using Ordinary Least Squares (OLS) 
method. Here, we reproduce the SUR estimates for industrial, 
commercial, residential and total demand and the OLS estimates 
for peak demand (standard errors in parenthesis) 
(a) industrial [1], commercial [2], residential [3] and total 
demand [4] for electricity 
[1] lnqt = -2.0735 - 0.0772 lnP t + 0.7915 lnYt + 0.2166 lnqt -4 
(0.5112) (0.0618) (0.1,753) (0.1933) 
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[2J -2.4076 - 0.1033 lnPt + 0.6334 lnYt + 0.4785 lnqt-4 
(0.8770) (0.0994) (0.2018) (0.1876) 
[3J lnqt = -3.1172 - 0.0909 lnPt + 0.5396 lnYt + 0.4940 lnqt_4 
(1.0059) (0.0878) (0.1505) (0.1265) 
+ 0.0450 TemPt 
(0.0113) 
[4J -1.5760 - 0.1117 lnPt + 0.5039 lnYt + 0.5882 lnqt_4 
(0.6093) (0.0775) (0.1474) (0.1387) 
TemPt = average mean temperature 
weighted R2 for the combined model ' = 0.9560 
weighted mean squared error for the combined · model = 1.1422 
(b) peak demand for electricity 
lnqt -2.1546 - 0.0131 lnPt + 0.6992 lnYt + 0.3074 lnqt_4 
(1.0188) (0.1361) (0.3474) (0.3203) 
+ 0.0257 TemPt - 0.1323 D 
(0.0126) (0.0688) 
TemPt is lagged maximum temperature 
D is a dummy variable (D=1 for the third quarter of 1973) 
R2 = 0.9849 
Mean squared error 
D-W = 1.7680 
0.0013 
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Table 4.1 (extracted from Chou's paper) summarizes the 
short-run and long-run elasticities obtained from the 
regressions. As shown in the table, the price elasticity of 
peak demand is much smaller than the price elasticity of 
kilowatt-hour demand. The implications of this finding for the 
capacity expansion of CLP is discussed in detail in Chou's 
study. 
4.2 Studies using Micro-Level Data 
Study by P. Hills 
Hills' (1991) study of household energy consumption in 
Hong Kong covers several aspects. In this section, we briefly 
summarize his findings on end use consumption pattern of 
electricity and ownership of elect r ical appliances in the 
household sector. 
The data used in the study was collected from a survey in 
1989. A total of 481 households in five locations in Hong Kong 
were interviewed. Four of these locations are public housing 
estates (totally 464 households) and the fifth is a rural 
village (17 households). 
Table 4.2 (extracted from Hills' book) summarizes the end 
use consumption pattern of electrici~y in the household 
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sector. Table 4.3 (extracted from Hills' book) summarizes the 
ownership of 14 types of electrical appliances in the 
household sector . 
Rills says that he used the data collected from the 
survey to perform regression analysis, but the result is poor. 
So, he does not report the regression results. Anyway, his 
study has improved our understanding of household electricity 
consumpt~pn in Hong Kong. 
In Chapter 5, 
electricity in Hong 
Expenditure Survey 
we investigate household demand for 
Kong using data of the Household 
89/90 conducted by the Census and 
Statistics Department. We are the first to employ this set of 
data in the study o f household electricity consumption in Hong 
Kong. Regression analysis is performed and elasticities of 
demand are estimated. 
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Table 4.1 Summary of Regression Results obtained by Chou (1985) 
Elasticity with respect to 
Demand Average Price Disposable Income 
Industrial SR -0 .0772 0.7915 
LR -0.0985 1.0103 
Commercial SR -0.1033 0.6334 
LR -0.1981 1.2146 
Residential SR -0.0909 0.5396 
LR -0.1796 .1.0664 
Total SR -0.1117 0.5039 
LR -0.2712 1.2237 
Peak SR -0 .0131 0.6992 
LR -0 .0189 1.0095 
Note SR = Short run, LR = Long run 
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(a) Number of households in the sample = 481 
(b) This table is extracted from Hills' (1991) book 
63 

















% of households in the sample 















(a) Number of households in the sample = 481 
(b) This table is extracted from Hills ' (1991) book 
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CHAPTER 5 HOUSEHOLD DEMAND FOR ELECTRICITY 
5.1 Introduction 
Earlier studies of demand for electricity usually use 
aggregate-level data. These studies cannot offer much insight 
into the micro-level determinants of demand for electricity. 
The first study using household - level data is done by Wilder 
and Willenborg (1975). Since then, many researchers employ 
household-level data in their studies of demand for 
electricity. Some of these researchers are McFadden, Puig and 
Kirschner (1977), Parti and Parti ' (1980), Barnes, Gillingham 
and Hagemann (1981), Archibald, Finifter and Moody (1982), 
Garbacz (1983,1984), Henson (1984), Terza (1986), Munley, 
Taylor and Formby (1990), Maddock, Castano and Vella (1992). 
In this chapter, we set up a model of , long-run household 
demand for electricity and estimate the price and income 
elasticity of demand using cross-sectional household-level 
data in Hong Kong. The dependence of household electricity 
consumption on price, income, living area, household size and 
temperature are investigated. The results are useful i n 
understanding the factors affecting household demand for 
electricity and they may be helpful to the government in the 
formulation of energy policy and to the electric utilities in 
designing price schedules or in predict i ng future demand. 
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5.2 Methodology 
Before going to the details of our model of long-run 
household demand for electricity, we first describe how we 
handle the problems caused by decreasing block price 
schedules. 
Treatment of Price under Decreasing Block Price Schedules 
The - existence of decreasing block price schedules in our 
sample means that the average price or marginal price of 
electricity decrease as the quantity of electricity consumed 
increases. This causes Ordinary Least Square estimates to be 
biased and inconsistent when applied to a linear or log - linear 
demand equation. The inconsistency comes from the fact that, 
under decreasing block pricing, observed average price or 
marginal price are stochastic regressors that is negatively 
correlated wi th the regression error term. To solve this 
problem, our model includes both a demand equation and a price 
equation and these two equations are estimated simultaneously 
by Two Stage Least Square method. In this way, we can obtain 
consistent estimates of the parameters in the demand equation. 
Although some researchers argue that it is theoretically 
superior to use marginal price than to use average price in 
the presence of decreasing block prj,ce schedules, we use 
66 
average price because of the following reasons 
(a ) Brown, Hoffman and Baxter (1975) find that most of the 
consumers do not know the electricity price schedule, 
though they have knowledge of electricity bills. 
(b ) Shin (1985) finds empirically that consumers respond to 
average price perceived from the electricity bill, rather 
than to actual marginal price, in determining the amount 
of electricity to consume. 
The Model 
In specifying the demand equation, we note that household 
demand for electricity is a derived demand and its magnitude 
depends on two factors 
(a ) The stock of electrical appliances in the household. 
(b ) The utilization rate of the electrical appliances. 
The stock of electrical appliances depends mainly on 
price of electrical appliances, price of electricity, income 
of the household, living area and household size while the 
utilization rate of electrical appliances depends mainly on 
the stock of electrical appliances, price of electricity, 
income of the household, living area" household size and 
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climatic conditions. 
In the long run, both the stock of electrical appliances 
and it's utilization rate can be varied. Therefore, the main 
determinants of long-run household demand for electricity are 
: price of electrical appliances, price of electricity, income 
of the household, living area, household size and climatic 
conditions. 
In uur cross-sectional sample, all the households were 
essentially facing the same price of electrical appliances. 
So, in our model of long - run household demand for electricity, 
consumption of electricity is specified as a function of price 
of electricity, income of the household, living area, 
household size and climatic conditions. Specifically, the 
demand equation and the price equation in our model are 
InQ = a o + a 1 lnAP + a 2 InY + a 3 lnAREA + a 4 InNUM 
+ as InTEMP + u (5 .1) 
(5 .2) 
Q is the monthly electricity consumption of the household 
measured in kilowatt-hours. The coefficient of InQ (b1 ) in the 
price equation is expected to be negative as a result of the 
existence of decreasing block price scnedules in our sample. 
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AP is the average price of electricity measured in 
dollars per kilowatt-hour. The coefficient of lnAP (a1 ) is the 
long-run price elasticity of demand. It should be interpreted 
as the long-run percentage change of demand for electricity 
due to a one percent change in the average price of 
electricity . The mechanism is that: when there is a change in 
the average price of electricity, both the stock of electrical 
appliances and its utilization rate will be affected in the 
long run. These two effects cause a subsequent change in the 
demand for electricity. The sign of a 1 is expected to be 
negative and the magnitude of a 1 is expected to be less than 
one since demand for electricity is generally believed to be 
price inelastic, even in the long run. 
Y is the monthly permanent income of the household 
measured 'in dollars. Since permanent income is not an 
observable variable, monthly total expendi ture or monthly 
total income are usually used as a proxy for permanent income. 
The coefficient of lnY (a2 ) is the long- run income elasticity 
of demand. It should be interpreted as the long-run percentage 
change of demand for electricity due to a one percent change 
in the monthly permanent income of the household. It should be 
noted that a change in the permanent income of the household 
affects the demand for electricity in the long run both 
directly and indirectly (by affecting living area and 
household size), but a 2 only captures t~e direct effect. The 
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sign of a 2 is expected to be positive since electricity is 
generally believed to be a normal good. 
AREA is the living area of the household measured in 
square metres. The coefficient of lnAREA (a3 ) is the 
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percentage change in the household demand for electricity due 
to a one percent change in the living area and it is expected 
to be positive since larger living area generally requires 
larger electricity consumption, given other things constant. 
NUM is the number of persons in the household. The 
coefficient of InNUM (a4 ) is expected to be positive since 
larger household size generally uses more electricity, given 
other things constant. 
TEMP is the mean of the daily temperatures for the period 
covered by the monthly electric bill and it is measured in 
degrees Celcius. It is used to capture the effect of climate 
on demand for electricity. The coefficient of InTEMP (as) is 
expected to be positive since people tend to use more 
electricity in a hotter month. 
It is understood that TEMP may not be a good variable to 
capture the effect of climate on demand for electricity. This 
is because, by adding TEMP to the demand equation, we assumed 
that the effect of temperature on ~ousehold demand for 
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electricity is constant at different levels of temperature. 
This may not be appropriate as it is expected that increase in 
temperature in winter may not cause increase in electricity 
consumption as in summer. Some studies use Heating Degree Days 
(HDD) and Cooling Degree Days (CDD) 3 to capture the effect of 
climate on demand for electricity, but here, we cannot use HDD 
and CDD because more than half of the households in our sample 
have zero HDD due to the fact that the weather in Hong Kong is 
usually not very cold. Since zero HDD cannot be taken natural 
logarithm"', it is incompatible with our log-linear model. As an 
alternative, I tried to drop the TEMP variable in the demand 
equation, but the estimation results in a positive price 
elasticity which is totally unacceptable. I have also tried to 
replace the TEMP variable wi th a dummy variable, SUMMER 
(equals one for May to October and equals zero otherwise), but 
the estimation also results in a positive price elasticity. 
Therefore , I include the TEMP variable in our final demand 
equation, but it should be stressed that the coefficient of 
this variable (as) should be interpreted with care. 
3 Daily heating degree day (daily HDD) is defined as the 
number of degrees fahrenheit that the mean daily temperature 
falls below 65 degrees fahrenheit. The daily HDDs are summed 
to yield a monthly figure. Similarly, daily cooling degree day 
(daily CDD) is defined as the number of degrees fahrenheit 
that the mean daily temperature r i ses above 65 d egr ee s 
fahrenheit. The daily CDDs are also summe d to yield a monthl y 
figure. 
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CLP2, HEC1, HEC2 are three dummy variables used to 
distinguish the four price schedules in our sample. They will 
be further described in Section 5.3. 
u and v are disturbance terms in the demand equation and 
the price. equation respectively. 
The Regressions 
The 'procedure of our analysis are as follows 
(a) The demand equation and the price equation will be 
estimated simultaneously by Two Stage Least Square (2SLS) 
to obtain the consistent elasticity estimates. 
(b) The demand equation will be estimated by Ordinary Least 
Square (OLS) and the results obtained will be compared 
with that in (a). Theoretically, the price elasticity 
will be overestimated by OLS under decreasing block 
pricing. 
(c) The demand equation will be estimated by OLS again, but 
using predetermined average prices rather than observed 
average prices. Three predetermined average prices will 
be used, one at a time. They are the average prices 
corresponding to monthly electricity consumption of 150 
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KWH, 450 KWH and 750 KWH. The results obtained will be 
compared with those in (a) . Since the price is 
predetermined, it is not dependent on the consumption 
level and there is no identification problem. However, 
since the actual price is not used, there will be a 
measurement error. Henson (1984) points out that if the 
price schedules are relatively flat, the measurement 
error will be small. 
(d) In tbe above estimations, we have neglected the fact that 
some of the households in Hong Kong have town gas supply 
which can be a substitute ' for electricity in water 
heating applications. As a result, these households may 
consume less electricity, given other things constant4 • 
To see whether this is true, we add a dummy variable, 
USEGAS (equals one if the household has town gas supply 
and equals zero otherwise), to the demand equation and 
performs the regressions in (a ) , (b ) and (c ) again. 
(e) In the above estimations, we have used average price 
(rather than marginal price) in the demand equations and 
the reasons have been given earlier. However, we would 
also like to know whether the estimates in the demand 
4 We assume that households without town gas supply use 
electricity in water heating applications. This assumption may 
not be perfect because some households use LP gas in water 
heating applications. 
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equation would change a lot if marginal price had been 
used. So, regressions in (a), (b), (c) and (d) are 
performed again, using marginal price in the demand 
equation (correspondingly, the permanent income variable, 
Y, is adjusted by the Rate Structure Premium as described 
in Chapter 2) . 
5.3 Data 
The bousehold data used in our analysis comes from the 
1989/90 Household Expenditure Survey (HES) conducted by the 
Census and Statistics Department in Hong Kong. 
Coverage of the Data 
The 1989/90 HES was designed to cover an entire year, 
from October 1989 to September 1990, in order that seasonal 
variations in consumption behaviour can be analyzed. 
The survey covered approximately 90% of the land 
households in Hong Kong. The target population was all land 
domestic households in the urban areas of Hong Kong, namely, 
Hong Kong Island, Kowloon, New Kowloon and the new towns and 
market towns in the New Territories. Households of all 
expenditure groups were enumerated in the surv ey, with the 
exception of households receiving publ,ic assistance. Marine 
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households and households living in the rural areas and 
outlying islands were excluded from the survey. Also excluded 
were those households which were away from Hong Kong during 
the reference period of the survey. 
Proxy for Permanent Income (Y) 
In this study, monthly total expenditure, instead of 
monthly income, for each household is used to represent the 
budget constraint because it is generally believed to be a 
bet ter approximation of permanent income. Furthermore, monthly 
total expenditure is subj ect ., to substantially fewer 
nonresponse or reporting errors than monthly . income. 
Computation of Mean Daily Temperature (T) 
The survey interviewed 4854 households. The 12 - month 
survey period was divided into 26 bi - weekly cycles and each 
sample household was asked to take part in only one cycle. In 
each interview of the survey, the sample household reported 
the amount of the household's last electric bill . As an 
approximation, we assumed that the electric bill covered the 
30 days just before the bi -weekly survey period of the 
household. From the weathe r statistics published by the Royal 
Observatory, we were able to calculate the mean of the daily 
temperature (T) for the 30 days period :. 
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computation of Monthly Electricity Consumption (0) and Average 
Price (AP) 
Knowing the geographical location and survey period of 
each household, we were able to match each household's 






China Light & Power Co. Ltd. 
(from 1/3/1987 to 31/3/1990) 
China Light & Power Co. Ltd. 
(from 1/4/1990 to 31/3/l992) 
Hongkong Electric Co. Ltd. 
(from 1/1/1989 to 31/12/1989) 
Hongkong Electric Co. Ltd. 
(from 1/1/1990 to 31/12/1990) 
These schedules are all decreasing block price schedules. Each 
schedule defines the number of kilowatt-hours in each block, 
the price per kilowatt-hour charged in each block and the fuel 
cost adjustment per kilowatt-hour of electricity consumed 
(these schedules can be found in Appendix A. 2). Wi th this 
information and each household's repoLted electric bill, we 
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were able to compute the monthly electricity consumption (Q) , 
average price (AP) , marginal price (MP) and Rate Structure 
Premium (RSP) for each household. 
Simple Statistics of the Data 
The sample in our regression analysis consists of 4854 
household records obtained from the 1989/90 RES. Of the 4854 
household records, 153 records were dropped because these 
records -did not contain electric bill data (one possible 
reason is that, their payments on electricity consumption were 
included in their rental payments). Another 19 household 
records were dropped because these households. paid the minimum 
charges and their electricity consumption cannot be found from 
their electric bills and price schedules. As a result, only 
4682 household records were left for our analysis. Table 5.1 
is a statistical summary of the variables in our sample. 
5.4 Results and Analysis 
Case 1 Demand Equations using Average Price and without 
the USEGAS variable 
The demand equations estimated by 2SLS, OLS and OLS using 
predetermined average prices are shown in Table 5. 2a. The 
price equation estimated by 2SLS is shpwn in Table S.2b. 
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Looking at the results as a whole, firstly, the signs of 
all the estimated coefficients are consistent with 
expectations. In the demand equations, the price variable has 
a negative coefficient and all other variables have positive 
coefficients. In the price equation, the monthly consumption 
variable has a negative coefficient and all other variables 
have positive coefficients. Secondly, all the estimated 
coefficients are statistically significant at the one percent 
level, except the price elasticities estimated by 2SLS and by 
OLS using predetermined average prices. Thirdly, the F-
statistics for all the estimated equations are far larger than 
the one percent critical values (3 ·02 for the demand equations 
and 3.32 for the price equation). Fourthly, . for each of the 
estimated demand equations, the multiple correlation 
coefficients (R2) are above 0.44 while the mean squared errors 
(MSE) are below 0.33. For the price equation, R2 is 0.97 and 
MSE is 0.00007. For cross-sectional studies of this type, 
these values of R2 and MSE indicates acceptable goodness of 
fit. 
For the demand equation estimated by 2SLS, the long-run 
price elasticity is -0.268. This suggests that a one percent 
increase in price of electricity will lead to a 0.268 percent 
decrease in household demand for electricity. In other words, 
household demand for electricity in Hong Kong is quite 
inelastic with respect to a change in ,price of electricity. 
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This is plausible because households in Hong Kong can hardly 
find a good substitute for electricity, since most of the home 
appliances are electricity-driven. For example, there is no 
good substitute for electricity in lighting, space cooling or 
heating, entertaining (e.g. TV, Hi-Fi), refrigerating, clothes 
washing etc. Only in water heating or in cooking may 
households substitute electricity by town gas or LP gas. 
It should be noted that, the estimated price elasticity 
is only ' close to 10% significance (t-statistics equals 
1.455). This is due to the fact that the price variation in 
our sample is quite small (the mean of average price is 0.622 
and the standard deviation is 0.031, as shown in Table 5.1). 
Actually, price variation is usually small in cross-sectional 
data and the estimation result we obtained does not imply that 




income elasticity is 0.331 and is highly 
suggests that household demand for 
electricity in Hong Kong is quite inelastic with respect to a 
change in income. However, it should be noted that a change in 
permanent income of a household affects t he demand for 
electricity in the l ong run both directly and indirectly (by 
affecting living area and household size) f but the income 
elasticity estimated from the demand equation here only 
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captures the direct effect of income, but not the total 
effect. 
The estimated coefficients of living area and household 
size are 0.292 and 0.373 respectively. Also, these two 
coefficients are highly significant. This shows that living 
area and household size are both important determinants of 
household demand for electricity. The magnitude of the two 
coefficients are less than one. This is reasonable because 
there is '· scale effect in the consumption of electricity. In 
other words, increase in either living area or household size 
will not cause equal proportional .· increase in consumption of 
electricity. For example, increase in living area will not 
increase the utilization of home appliances like refrigerator 
or washing machine. As another example, increase in household 
size will not cause equal proportional increase in utilization 
of home appliances like air-conditioner and television. 
The estimated coefficient of temperature is 1.069. As 
discussed in last section , the coefficient of the TEMP 
variable should be interpreted with care. The addition of this 
variable to the demand equation is used to adjust for the 
differences in climatic conditions corresponding to different 
households in the sample. The high significance of the 
estimated coefficient indicates that the adjustment is 
necessary. 
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From the price equation estimated by 2SLS, we see that, 
on the average, a one percent increase in quantity of 
electricity consumed just causes 0.019 percent decrease in 
average price of electricity. This suggests that the 
decreasing block price schedules in our sample are quite flat. 
For the demand equation estimated by OLS, the price 
elasticity is -2.924 which is much larger than the consistent 
estimate of -0.268 obtained by 2SLS. This shows that the 
simultan~6us equation bias caused by decreasing block price 
schedules is very serious in our sample. On the other hand, 
the bias in other coefficients are much less serious. Except 
for the intercept term and household size, the coefficients 
estimated by OLS do not deviate too much (less than 15%) from 
the respective estimates obtained by 2SLS. 
For the demand equations estimated by OLS using 
predetermined average prices at 150, 450 and 750 KWH/month, 
they are quite consistent with each other. The estimated price 
elasticities ranges from -0.238 to -0.289 and is comparable 
with the consistent estimate of -0.268 obtained by 2SLS. The 
estimated coefficients of all other variables are very close 
among the three equations. More importantly, these estimated 
coefficients are very close to the respective estimates 
obtained by 2SLS. In other words, the demand equations 
estimated by OLS using predetermined average prices are 
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reasonable approximations to the demand equation estimated by 
2SLS. 
Case 2 Demand Equations using Average Price and with the 
USEGAS variable 
Refer to Table S.3a and Table S.3b. The equations 
presented are the same as those presented in part (a) above, 
except that a dummy variable, USEGAS, is added to the demand 
equations. 
Similar to part (a) above, firstly, the signs of all the 
estimated coefficients are consistent with expectations. 
Secondly, all the estimated coefficients are statistically 
significant at the one percent level, except the price 
elasticities estimated by 2SLS and by OLS using predetermined 
average prices. Thirdly, the F-statistics for all the 
estimated equations are far larger than the one percent 
critical values. Fourthly, the goodness of fit (measured by R2 
and MSE) is acceptable. 
Also like part (a) above, the price elasticity estimated 
by OLS (-2.930) is much larger than the consistent estimate 
obtained by 2SLS (-0.277). Other estimates obtained by OLS, 
except the intercept term and household size, do not deviate 
too much (less than 15%) from the . respective estimates 
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obtained by 2SLS. The price elasticities estimated by OLS 
using predetermined average prices (ranges from -0.247 to -
0.298) are comparable to the consistent estimate obtained by 
2SLS (-0.277). Other estimates obtained by OLS using 
predetermined average prices are very close to the respective 
estimates obtained by 2SLS. 
In each demand equation, the USEGAS variable has a 
negative coefficient (ranges from -0.056 to -0.059) and is 
statistically significant at the one percent level. This 
confirms our expectations that households with town gas supply 
consume less electricity, given other things constant (town 
gas can be a substitute for electricity in water heating 
applications). In an empirical study of household energy 
consumption in Hong Kong, Hills (1991) reports that he finds 
little evidence of substitution between electricity and gas in 
the residential sector. His finding is unexpected and may be 
due to the small size (481) of the sample he used. 
Another point worth noting is, the addition of the USEGAS 
variable to the demand equations does not cause much changes 
to the estimates of other coefficients. For example, the 
estimated price elasticity is - 0.277 (obtained by 2SLS) which 
is not much different from the price elasticity of - 0.268 
(obtained by 2SLS) in the demand equation without the USEGAS 
variable. However, the addition of the ,USEGAS variable to the 
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demand equations do not improve the goodness of fit. For the 
demand equation with the USEGAS variable (estimated by 2SLS) , 
R2 is 0.448 and MSE is 0.325. For the demand equation without 
the USEGAS variable (estimated by 2SLS) , R2 is 0.447 and MSE 
is 0.326. Therefore, addition of the USEGAS variable to the 
demand equation does not really improve the estimation of the 
demand equation. 
Case 3 Demand Equations using Marginal Price and without 
the USEGAS variable 
Refer to Table 5.4a and " Table 5.4b. The equations 
presented are the same as those presented in part (a) above, 
except that marginal price (rather than average price) is used 
in the equations. 
Similar to part (a) above, firstly, the signs of all the 
estimated coefficients are consistent with expectations. 
Secondly, all the estimated coefficients are statistically 
significant at the one percent level, except the price 
elasticities estimated by 2SLS and by OLS using predetermined 
marginal prices. Thirdly, the F - statistics for all the 
estimated equations are far larger than the one percent 
critical values. Fourthly, the goodness of fit (measured by R2 
and MSE) is acceptable. 
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Also like part (a) above, the price elasticity estimated 
by OLS (-1.955) is much larger than the consistent estimate 
obtained by 2SLS (-0.286). Other estimates obtained by OLS, 
except the intercept term, do not deviate too much (less than 
10%) from the estimates obtained by 2SLS. The price 
elasticities estimated by OLS using predetermined marginal 
prices (-0.185 and -0.317) are fairly comparable to the 
consistent estimate obtained by 2SLS (-0.286). Other estimates 
obtained by OLS using predetermined marginal prices are very 
close t6 the respective estimates obtained by 2SLS. 
Now we compare the estimated coefficients (obtained by 
2SLS) in the demand equation using marginal price with the 
estimated coefficients (obtained by 2SLS) in the demand 
equation using average price. Using marginal price, the 
estimated price elasticity is -0.286 which is 6.7% higher (in 
absolute value) i the estimated coefficients of income, living 
area, household size and temperature differs by less than 2% 
and the estimated intercept term differs by 10%. In other 
words, the estimation result is not very sensitive to whether 
we use average price or marginal price. This is consistent 
with the finding of Halvorsen (1975) that when both the demand 
equation and the price equation are log-linear, the 
elasticities of demand estimated with average price data will 
be equal to those obtained with marginal price data and only 
the intercept term will be affected. 
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Case 4 Demand Equations using Marginal Price and with the 
USEGAS variable 
Refer to Table S.Sa and Table S.Sb. The equations 
presented are the same as those presented in part (a) above, 
except that marginal price (rather than average price) is used 
in the demand equations. Also, a dummy variable, USEGAS, is 
added to the demand equations. 
Similar to part (a) above, firstly, the signs of all the 
estimated coefficients are consistent with expectations. 
Secondly, all the estimated coe'fficients are statistically 
significant at the one percent level, except the price 
elasticities estimated by 2SLS and by OLS using predetermined 
marginal prices. Thirdly, the F-statistics for all the 
estimated equations are far larger than the one percent 
critical values. Fourthly, the goodness of fit (measured by R2 
and MSE) is acceptable. 
Also like part (a) above, the price elasticity estimated 
by OLS (-1.962) is much larger than the consistent estimate 
obtained by 2SLS (-0.294) . Other estimates obtained by OLS, 
except the intercept term, do not deviate too much (less than 
10%) from the estimates obtained by 2SLS. The price 
elasticities estimated by OLS using predetermined marginal 
prices (-0.193 and -0.326) are faiyly comparable to the 
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consistent estimate obtained by 2SLS ( - 0 .294 ) . Other estimates 
obtained by OLS using predetermined marginal prices are very 
close to the respective estimates obtained by 2SLS. 
Similar to part (b) above, in each demand equation, the 
USEGAS variable has a negative coefficient (ranges from 
0.056 to -0.058) and is statistically significant at the one 
percent level. Again, this confirms our expectation that 
households with town gas supply consume less electricity, 
given 6ther things constant. 
Also like part (b) above, " the addition of the USEGAS 
variable to the demand equations does not cause much changes 
to the estimates of other coefficients. For example, the 
estimated price elasticity is -0.294 (obtained by 2SLS) which 
is not much different from the estimated price elasticity of -
0.286 (obtained by 2SLS) in the demand equation without the 
USEGAS variable. Again, the addition of the USEGAS variable to 
the demand equations do not improve the goodness of fit. For 
the demand equation with the USEGAS variable (estimated by 
2SLS) , R2 is 0.447 and MSE is 0.327. For the demand equation 
without the USEGAS variable (estimated by 2SLS ) , R2 is 0.446 
and MSE is 0.327. 
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5.5 Conclusion 
In this chapter, we investigate household demand for 
electricity in Hong Kong. We regress household electricity 
consumption on average price of electricity, household total 
expenditure, living area, household size and mean temperature. 
To solve the problem of simultaneous equation bias caused by 
decreasing block pricing, we estimate the demand equation by 
Two Stage Least Squares Method. The estimation results are 
summarized in Table 5.6. 
The results show that househ0ld demand for electricity in 
Hong Kong is quite inelastic with respect to a change in price 
of electricity. Also, the direct effect of income is not very 
large. Furthermore, we confirmed that living area and 
household size are important determinants of household 
consumption of electricity. The magnitudes of the elasticities 
of living area and household size are smaller than one. This 
shows that there is scale effect in consumption of 
electricity. 
We also estimate the demand equation by OLS and find that 
the estimated price elasticity is much larger than the 
consistent estimate obtained by 2SLS. This implies that the 
simultaneous equation bias caused by decreasing block price 
schedules is very serious in our sample. 
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Besides, we show that the demand equations estimated by 
OLS using predetermined average prices are reasonable 
approximations to the demand equation estimated by 2SLS. 
In order to see whether the availability of town gas 
supply would affect household demand for electricity and 
whether the above resul ts would be affected if we replace 
average price by marginal price in the demand equation, three 
other specifications are considered. The results show that 
households with town gas supply consume less electricity, 
given other things constant. Furthermore, the above results 
are not very sensitive to whether we use average price or 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































CHAPTER 6 AGGREGATE DEMAND FOR ELECTRICITY 
6.1 Introduction 
In this chapter, we estimate residential, industrial and 
commercial demand for electricity in Hong Kong . The model we 
employ is the Flow Adjustment Model introduced by Houthakker 
and Taylor (1970) and the data used in the analysis are 
aggregate-level data of Hong Kong from 1970 to 1993. The 
results obtained can enhance our understanding of the demand 
for electricity in these sectors. 
As discussed in Chapter 2, the Flow Adjustment Model has 
an advantage that it enables us to estimate both short-run and 
long-run elasticities without requiring data of stock of 
electricity-using equipments . Actually, this model has been 
widely used in studies of demand for electricity (especially 
in studies that use aggregate-level data ) . Some of the studies 
that employ this approach (or similar approaches ) are Murray, 
Spann, Pulley and Beauvais (1978), Beierlein, Dunn and 
McConnon (1981), Berndt and Samaniego (1984 ) , Chou (1985), 




In Chapter 2, we describe the Flow Adjustment Model. 
Here , we employ this model in our estimation of residential, 
industrial and commercial demand for electricity in Hong Kong. 
As in Chapter 5, we use average price of electricity as 
a measure of price in our models. This is based on the 
findings of Brown, Hoffman and Baxter (1975) and Shin (1985 ) 
that most consumers do not know the electricity price schedule 
and they respond to average price of electricity rather than 
marginal price in determining ' the amount of electricity to 
consume. 
The problem of endogeneity of the price variable in our 
demand equations should be much less severe than that in our 
household demand equation in Chapter 5 . This is because the 
price variable we use here is measured from aggregated data 
rather than the price corresponding to each household's 
consumption as in Chapter 5 (Shin, 1985). Furthermore, in a 
study of residential and industrial demand for electricity for 
the t wo electricity suppliers in Hong Kong, Mao (1980) finds 
that the price elasticities estimated by Two Stage Least 
Squares Method and Ordinary Least squares (OLS) Method are 
very close. To study the potential endogeneity problem, we 
need information of the price schedules for the period from 
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1971 to 1993. However, such information is not available until 
1978. In view of the theoretical considerations given by Shin 
and the .empirical results of Mao, together with the 
unavailability of information regarding price schedules, we 
choose to estimate our demand equations by OLS. In fact, under 
decreasing block pricing, OLS tends to overestimate the price 
elasticity (Henson, 1984). However, the price elasticities 
estimated in this study are already small (presented later) . 
This shows that any bias in our estimation, if they exist, are 
small and insignificant. 
The following is a description of how we employ the Flow 
Adjustment Model in our applications. 
Residential Demand for Electricity 
In our model of residential electricity consumption, 
quantity of electricity consumed is specified as a function of 
last period's consumption, price of electricity and income. 
Specifically, the demand function is assumed to be : 
(6 .1) 
qt and qt -l are per capita residential electricity 
consumption in year t and t-1 respectively. They are measured 
in kilowatt-hours and are obtained from dividing annual 
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residential electricity consumption by population. The 
coefficient of lnqt_l (al ) should have a value between zero and 
one, otherwise the model will be unstable. The higher the 
value of a l , the slower is the adjustment process. 
used to derive long-run elasticities from 
elasticities. 
a l can be 
short-run 
It should be noted that, the dependent variable (qt) is 
per capita residential electricity consumption, rather than 
total residential consumption. In doing this, we assume that 
there is a typical consumer in the residential sector. 
APt is real a v erage price of electricity in year t and it 
is measured in cents per kilowatt-hour. The coefficient of 
InAPt (a2 ) is the short-run price elasticity of demand and the 
long-run price elasticity is given by a 2 /(1-al ). These price 
elasticities are expected to be negative. 
Yt is per capita real gross domestic product (GDP) in 
year t and it is measured in dollars. The coefficient of InYt 
(a 3 ) is the short-run income elasticity of demand and the 
long-run income elasticity is given by a 3 /(1 - a 1 )· These income 
elasticities are expected to be positive because higher income 
allows electrical appliances, such as air-conditioners, to be 
more frequently used. In the long run, higher income also 
allows more electrical appliances to be purchased. As a 
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result, more electricity is consumed. 
Ut is . the disturbance term in the demand function. 
Industrial Demand for Electricity 
Consumption of electricity in the industrial sector can 
be specified as a function of last period's consumption, price 
of electricity, wage index of manufacturing workers, value 
added -in manufacturing and level of technology. The demand 
function in our model is specified as follows : 
(6 .2) 
qt and qt-l are per establishment industrial electricity 
consumption in year t and t-1 respectively. They are measured 
in kilowatt-hours and are obtained from dividing annual 
industrial electricity consumption by the number of 
establishments in the manufacturing sector. The coefficient of 
lnqt_l (b1 ) should have a value between zero and one for the 
model to be stable. The higher the value of b 1 , the slower is 
the adjustment process. b 1 can be used to derive long-run 
elasticities from short - run elasticities. 
104 
It should be noted that, the dependent variable (q t) is 
per establishment industrial electricity consumption, rather 
than total industrial consumption. This is because, as in the 
residential sector, we assume that there is a typical consumer 
in the industrial sector . 
APt is real average price of electricity in year t and it 
is measured in cents per kilowatt-hour. The coefficient of 
InAPt (b2 ) is the short-run price elasticity of demand and the 
long-run price elasticity is given by b 2 /(1-b1 ). These price 
elasticities are expected to be negative. 
WAGEt is real wage index (including fringe benefits) of 
manufacturing workers in year t. The coefficient of InWAGEt 
(b3 ) is the short-run elasticity with respect to wage index 
and the long - run elasticity is given by b 3 / (1-b1 )· These 
elasticities can be either positive or negative since labour 
can be either a substitute or a complement for machineries 
(and hence electricity) in the production process. 
v t is per establishment real value added in manufacturing 
in year t. It is measured in dollars and is obtained from 
dividing annual real value added in manufacturing by the 
number of establishments in the manufacturing sector. The 
coefficient of lnv t (b4 ) is the short - run output elastic i ty and 
the long - run output elasticity is given by b 4 /(1 - b 1 )· These 
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elasticities are expected to be positive because an i ncrease 
in V t means an increase in the level of manufacturing 
activities which increases the demand for electricity in the 
industrial sector. 
TIMEt is time and it is used as a proxy for the level of 
technology. Since increases in technology level cause 
productivity and efficiency of machineries to grow, two 
countervailing forces on demand for electricity arise. First, 
as machineries are more productive, production process becomes 
more capital intensive which increases the demand for 
electricity. Second, increase in efficiency means that 
machineries are more fuel-saving and so, less electricity is 
consumed. Therefore, the coefficient of TIMEt (bs ) can be 
either positive or negative. 
et is the disturbance term in the demand function. 
Commercial Demand for Electricity 
In our model of commercial electricity consumption, 
quantity of electricity consumed is specified as a function of 
last period's consumption, price of electricity and income. 
Specifically, the demand function is assumed to be : 
( 6 .3 ) 
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qt and qt -l are per capita commercial electricity 
consumption in year t and t-1 respectively. They are measured 
in kilowatt-hours and are obtained from dividing annual 
commercial electricity consumption by population. The 
coefficient of lnqt-l (C l ) should have a value between zero and 
.. 
one, otherwise the model will be unstable. The higher the 
value of Cl' the slower is the adjustment process. Cl can be 
used to derive long-run elasticities from short-run 
elasticities. 
It should be noted that, the dependent variable (q t ) is 
per capita commercial electricity consumption, rather than 
total commercial consumption. This is b~cause, as in the 
residential sector and industrial sector, we assume that there 
is a typical consumer in the commercial sector. Actually, it 
would be better to estimate per establishment demand for 
electricity in the commercial sector, but data of number of 
establishments in the commercial sector is not available. So, 
we estimate per capita consumption. 
APt is real average price of electricity in year t and it 
is measured in cents per kilowatt-hour. The coefficient of 
InAPt (c 2 ) is the short-run price elasticity of demand and the 
long-run price elasticity is given by c 2 / (1 - Cl )· These price 
elasticities are expected to be negative. 
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Yt is per capita real GDP in year t and it is measured in 
dollars. The coefficient of lnYt (c 3 ) is the short-run income 
elasticity of demand and the long-run income elasticity is 
given by c 3 /(1-c1 ). These income elasticities are expected to 
be positive because an increase in Yt means an increase In 
economic activities which increases the demand for electricity 
in the commercial sector. 
wt is the disturbance term in the demand function. 
6.3 Data 
The data used in the study are annual data of Hong Kong 
from 1970 to 1993. Data of consumptions and prices of 
electricity are obtained from "Hong Kong Energy Statistics". 
Data of per capita gross domestic product and population are 
obtained from "Estimates of Gross Domestic Product 1961 to 
1994". Data of number of establishments in the manufacturing 
sector are obtained from "Hong Kong Annual Digest of 
Statistics". Data of Consumer Price Index A (CPIA), nominal 
wage index (including fringe benefits) of manufacturing 
workers and value added in manufacturing are obtained from a 
database of the Department of Economics, the Chinese 
University of Hong Kong. Since data of value added in 
manufacturing are not available for years 1974 and 1975, these 
two missing values are imputed by interpolation from data in 
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years 1973 and 1976. 
All the variables are measured in real terms. The 
deflator used is CPIA (1990=100). In the demand equations, 
consumption of electricity is measured in kilowatt-hours. 
Average price of electricity is measured in cents per 
kilowatt-hour at constant 1990 prices. Per capita gross 
domestic product and per establishment value added in 
manufacturing are measured in Hong Kong dollars at constant 
1990 prices. Nominal wage index of manufacturing workers is 
deflated by CPIA to get the real wage index of manufacturing 
workers. 
computation of the Real Average Price of Electricity (APtl 
The real average price of electric i ty (APt) in our models 
is the deflated weighted average value of the average price of 
electricity charged by the two electric utilities (CLP and 
HEC) in Hong Kong. That is, 
where 
(a) AP CLP t average price (over the 3 sectors) charged by 
CLP in local market 
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(b) AP HEC t average price (over the 3 sectors) charged by 
HEC in local market 
= estimated CLP local sales 
CLP production - estimated CLP system 10ss5 
- CLP export 
estimated HEC local sales 
HEC production - estimated HEC system loss 
(e) estimated CLP system loss 
= LOSS * [CLP product~on / (CLP production + HEC 
production) ] 
(f) estimated HEC system loss 
(g) LOSS 
LOSS * [HEC production / (CLP production + HEC 
production) ] 
= CLP system loss + HEC system loss 
CLP production + HEC production - local consumption 
- CLP export 
5 System loss covers losses in generation, transmission 
and distribution. It also includes electricity consumed within 
the electricity company, such as for t he office and for the 
staff residence. 
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In (e) & (f), it is assumed that each company's system 
loss is proportional to it's production amount. 
In (g), it is assumed that the amount of electricity 
supplied by the Cheung Chau Electricity Co. Ltd. (taken over 
by ~ CLP in 1983) is very small compared with that supplied by 
CLP and HEC. This assumption is justified because the Cheung 
Chau Electricity Co. Ltd. supplies just about 0.1 percent of 
the electricity consumed in Hong Kong. 
Simple Statistics of the Data 
The data we obtained ranges from 1970 to 1993. So, we 
have 24 years' data. However, since lagged consumption is used 
in the demand equations, the actual sample size is 23 (for 
residential and commercial analysis ) . For industrial analysis, 
since data of number of establishments in the manufacturing 
sector is not available before 1972, the sample size is 21. 
Table 6.1a, Table 6.1b and Table 6.1c are statistical 
summaries of the variables used in residential, industrial and 
commercial analysis respectively. 
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6.4 Results and Analysis 
Residential Demand for Electricity 
Table 6.2a shows the estimated demand equation of 
residential demand for electricity. We can see that the signs 
of all the estimated coefficients are consistent with 
expectation. The price variable (APt) has a negative 
coefficient, while income (Yt) and lagged consumption (qt-l ) 
have ~ositive coefficients. Besides, all the estimated 
coefficients are statistically significant. The F- statistic 
has a value of 951.548 which . is far larger than the one 
percent critical value of 5.01. The multiple correlation 
coefficient (R2) is very high (0.993). This is not unexpected 
because the lagged dependent variable (qt -l) is one of the 
regressors in the demand equation. The Durbin h statistic has 
a value of - 1.417 which is smaller (in absolute value) than 
the five percent critical value of -1.645. That means, we 
cannot reject the null hypothesis of no first - order 
autocorrelation. 
Figure 6.1. shows the actual consumption and predicted 
consumption of electricity in the residential sector for the 
period from 1971 to 1993. 
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Table 6.2b shows the estimated elasticities. The price 
elasticity is -0.106 in the short run and -0.316 in the long 
run. The income elasticity is 0.375 in the short run and 1.115 
in the long run. These results suggest that, firstly, 
residential demand for electricity is quite inelastic with 
respect to price of electricity both in the short run and in 
the long run. Secondly, the demand is quite inelastic with 
respect to income in the short run, but fairly elastic in the 
long run. 
When we compare the long-run price elasticity and income 
elasticity estimated in this Ghapter with that estimated in 
Chapter 5 (as shown below), we see that the estimated price 
elasticities are quite similar. However, the income elasticity 
estimated in this chapter is much larger than that estimated 
in Chapter 5. 
Data Type 
Household - level 
Aggregate - level 









There are several possible causes for the discrepancies in the 
estimated income elasticities : 
(a) Household income affects demand for electricity in the 
long run both directly and indirectly (by affecting 
living area and household size) . However, the household 
demand equation we used in Chapter 5 includes living area 
and household size as regressors, so the estimated income 
elasticity does not capture the indirect effect of income 
an demand . Therefore, we expect the long run income 
elasticity estimated in Chapter 5 to be smaller than that 
estimated in this chapter." 
(b) In general, the income elasticity of demand for a 
specific good is expected to be higher at lower level of 
income. This should also hold true for demand for 
electricity. In other words, electricity is more like a 
luxury good at lower income level than at higher income 
level. The household-level data we use in Chapter 5 
reflects household demand for electricity in Hong Kong 
for the period from October 1989 to September 1990 while 
the aggregate-level data we use in this chapter reflects 
the demand for the period from 1971 to 1993. So, the 
aggregate-level data covers, on the average, an earlier 
period. In the earlier period, households in Hong Kong 
generally have lower level of income, and the income 
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elasticity of demand for electricity is expected to be 
higher. 
(c) In Chapter 5, we perform the estimation using household-
level data while in this chapter, we perform the 
estimation using aggregate-level data. The observation 
unit is very different and the interpretation of the 
regression results should be quite different. In addition 
to that, aggregate-level data involves an aggregation 
aver individual consumers and this may affect the 
estimation results. As Bohi (1982) points out, "the 
degree to which differeDt levels of aggregation or 
different kinds of aggregation will affect estimation 
resul ts is an empirical question that can' be assessed 
only with empirical evidence. Theory tells us only that 
an error may be introduced, but cannot tell us how 
important it is, and often cannot tell us the direction 
of the bias." 
Combining the estimation results obtained in Chapter 5 
and in this chapter. We conclude that residential demand for 
electricity in Hong Kong is inelastic to price of electricity 
both in the short run and in the long run. This is plausible 
because, as we have discussed in Chapter 5, households in Hong 
Kong can hardly find a good substitute for electricity since 
most of the home appliances are electricity-driven. 
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For income elasticity, we find that the ~irect effect of 
income on household electricity consumption is not very large. 
However, when taking into account the indirect effect (through 
the effect on living area and household size), income has 
quite large effect on household consumption of electricity in 
the long run. 
Industrial Demand for Electricity 
Table 6.3a shows the estimated demand equation of 
industrial demand for electricity. We can see that the signs 
of the estimated coefficients a~e consistent with expectation. 
The price variable (APt) has a negative coefficient, while 
wage index of manufacturing workers (WAGEt ), value added in 
manufacturing (vt ) , time (TIMEt ) and lagged consumption (qt-l) 
have positive coefficients. We noticed that the estimated 
coefficient of WAGEt is quite small (0.078) and is also 
statistically insignificant (t-statistics equals -0.622) . This 
suggests that WAGEt may not be an important determinant of 
industrial demand for electricity. So we drop this variable 
and perform the regression again. The estimated demand 
equation is shown in Table 6.3b. 
Compare Table 6.3b with Table 6.3a, we see that dropping 
the WAGEt variable does not cause the estimated coefficients 
of . other variables to change much. Besides, the significance 
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of the estimated coefficients are generally improved. The 
value of R2 remains the same. Therefore, it is justified to 
drop the WAGEt variable. 
As shown in Table 6.3b, the signs of all the estimated 
coefficients are consistent with expectation. The coefficients 
of price and time are statistically significant, but that of 
value added in manufacturing and lagged consumption is not. 
The F-statistic has a value of 317.171 which is far larger 
than t .pe one percent critical value of 4.77. R2 is very high 
(0.988). Again, this is not unexpected because the lagged 
dependent variable (qt-l) is one of the regressors in the 
demand equation. The Durbin h statistic has a value of 1.452 
which is smaller than the five percent critical value of 
1.645. So, we cannot reject the null hypothesis of no first-
order autocorrelation. 
The estimated coefficient of TIMEt is 0.022, indicating 
that increases in the level of technology over time hav~ an 
important positive effect on industrial demand for 
electricity. This is because technical progress improves 
productivity of machineries and stimulates factories to use 
more machineries. Hence, more electricity is consumed. 
Although technical progress also induces a fuel - saving effect 
on machineries, this effect is proved to be re l atively 
unimportant. 
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Table 6.3c shows the estimated elasticities. The price 
elasticity is -0.126 in the short run and -0.143 in the long 
run. In . other words, a one percent increase in price of 
electricity causes a 0.143 percent decrease in industrial 
~ 
demand for electricity. This shows that industrial demand for 
electricity is very inelastic with respect to a change in 
price of electricity. This is not surprising because 
substituting electricity by other fuels is not so practicable. 
One reason is that, most machineries used in the manufacturing 
sector are electricity- driven. Furthermore, prices of 
substitution fuels (like fuel oil and coal gas) and 
electricity generally move together such that change In 
relative price is little over time. On the other hand, it is 
usually not justified for firms in Hong Kong to produce 
electricity by themselves. This is because, firstly, 
electricity generation requires the installation of expensiv e 
equipments. Secondly, the generation facilities occupy large 
spaces. Thirdly, as we have discussed, prices of other fuels 
and electricity generally move together . So, in times of high 
electricity price, the cost of self-production of electricity 
is also high. Fourthly, the volume of electricity required may 
not be large enough for the firm to enjoy scale economy in 
production of electricity . 
The output elasticity is 0.271 in the short run and 0.308 
in the long run. A one percent increase in value added in 
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manufacturing causes 0.308 percent increase in consumption of 
electricity in the industrial sector. In other words, 
increases . in output of a firm would not cause equal 
proportional increase in consumption of electricity. There are 
~ 
several explanations for this. First, there is scale effect in 
the production process. That means, increase in output level 
requires less than proportional increase in factor inputs. 
Second, certain kinds of electricity consumption, like 
lighting and air-conditioning, are not very responsive to 
change in output level. Third, there is structural change in 
the manufacturing sector in Horig Kong. Certain industries 
(like the plastic industry and the textile " industry), which 
require intensive use of electricity, are losing their 
importance while some other industries (like the electronic 
industry), which require relatively less electricity input, 
are becoming more important. Therefore, increases in value 
added in manufacturing over time does not require equal 
proportional increase in electricity consumption. 
Figure 6.2 shows the actual consumption and predicted 
consumption of electricity in the industrial sector for the 
period from 1973 to 1993. 
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.... ,. 
Commercial Demand for Electricity 
Table 6.4a shows the estimated demand equation of 
commercial demand for electricity. We see that the estimated 
coefficients of income (Yt) and lagged consumption (qt-l) have 
correct signs and are statistically significant. However, the 
estimated coefficient of the price variable (APt) is of the 
wrong sign, has a very small magnitude (0.016) and is also 
statistically insignificant (t-statistics equals 0.425) . This 
suggests that APt may not be an important determinant of 
commercial demand for electricity. So we drop this variable 
and perform the regression again. The estimated demand 
equation is shown in Table 6.4b. 
Compare Table 6.4b with Table 6.4a, we find that dropping 
the APt variable does not cause the estimated coefficients of 
other variables to change much. Besides, the significance of 
the estimated coefficients are improved. The value of R2 
remains the same. So it is justified to drop the APt variable. 
The fact that price is not an important determinant of 
commercial demand for electricity is not surprising. This is 
because, as in the residential sector and the industrial 
sector, there is no good substitute for electricity. 
As shown in Table 6. 4b, the signs of the estimated 
coefficients are consistent with expectation. Both income and 
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lagged consumption have positive coefficients. Besides, the 
estimated coefficients are statistically significant. The F-
statistic has a value of 3007.185 which is far larger than the 
one percent critical value of 5.85. R2 is very high (0.997). 
Again, this is not unexpected because the lagged dependent 
variable (qt-l) is one of the regressors in the demand 
equation. The Durbin h statistic has a value of -0.867 which 
is smaller (in absolute value) than the five percent critical 
value cif -1.645. That means, we cannot reject the null 
hypothesis of no first-order autocorrelation. 
Table 6.4c shows the estimated elastic~ties. The income 
elasticity is 0.410 in the short run and 1.487 in the long 
run. This means that commercial demand for electricity is 
inelastic to income in the short run, but elastic to income in 
the long run. In other words, increases in economic activities 
cause commercial demand for electricity to increase at a 
faster rate. 
Figure 6.3 shows the actual consumption and predicted 
consumption of electricity in the commercial sector for the 
period from 1971 to 1993. 
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6.5 Conclusion 
In this chapter, we investigate .residential, industrial 
and commercial demand for electricity in Hong Kong. Regression 
analysis are carried out. The estimated price and income 
elasticities are summarized in Table 6.5. 
The results show that residential, industrial and 
commercial demand for electricity are all inelastic to price 
of electricity, both in the short run and in the long run. 
This is not unexpected because there is no good substitute for 
electricity in Hong Kong. 
with regard to income elasticity, the results are quite 
dissimilar. For residential demand, consumption of electricity 
is quite responsive to income, especially in the long run. For 
industrial demand, increases in output would not cause equal 
proportional increase in consumption of electricity. For 
commercial demand, increases in economic activities cause the 
demand for electricity to increase at a faster rate. 
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Table 6.1a Statistical Summary of Aggregate-Level Data (Res ident ial ) 
Standard 
Variable Description Mean Deviat ion 
qt Per capita residential consumption 580 .35 256 .80 (KWH/year) 
APt Average price 68.66 14.65 (cents/KWH in 1990 prices) 
Yt Per capita GDP 70548 25825 
($ in 1990 prices) 
Note Data ranges from 1971 to 1993 
Table 6.1b Statistical Summary of Aggregate-Level Data (Industrial) 
Variable Description 
Per establishment industrial 
consumption (KWH/year) 
Average price 
(cents/KWH in 1990 prices) 
Wage index of manufacturing workers (include fringe benefits) (1990=100) 
Per establishment value added in 
manufacturing (million $ in 1990 prices) 













Table 6.1c Statistical Summary of Aggregate-Level Data (Commercial) 
Standard 
Variable Description Mean Deviation 
qt Per capita commercial consumption 1208 .0 644 .27 (KWH/year) 
APt Average price 68.66 14.65 (cents/KWH in 1990 prices) 
Yt Per capita GDP 70548 25825 
. ($ in 1990 pri ces) 
Note Data ranges from 1971 to 1993 
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Table 6.2a Estimated Demand Equation (Residential) 
Dependent 
Va ri a,b 1 e Constant qt-l APt 
qt -1.558 0.663 -0 .106 (-1.780) (4.323) (-2 .175) 
* *** ** 
R2 = 0.993 
d.f. = 19 
F = 951.548 
Durbi n h - = -1.417 
Note : 
(a) The equation is in Log -Linear form · (b) t-statistics in parentheses (c) The two-tailed test is used 
*** significant at 1% level 
** : significant at 5% level 




Table 6.2b Estimated Elasticities (Residential) 
Estimated 
Elasticities 









Table 6.3a Estimated Demand Equation (Industrial Case 1) 
Dependent 
Var j able Constant qt-l APt WAGEt vt TIMEt 
qt 5.822 0.095 -0.127 0.078 0.331 0.017 (2.423) (0.768) (-2.482) (0.622) (1.755) (1.693) 
** ** * 
R2 = 0.988 
d.f. = 15 
F = 244.095 
Durbin h = 1.458 
Note : 
(a) The equation is in Log -Linear form, except the variable TIMEt 
(b) t-statistics in parentheses 
(c) The two-tailed test is used 
** : significant at 5% level 
* : significant at 10% level 
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Table 6.3b Estimated Demand Equation (Industrial Case 2) 
Dependent 
TIMEt Va~iable Constant qt-l APt vt 
qt 6.674 0.120 -0.126 0.271 0.022 (3.445) (1.043) (-2.516) (1.704) (2 .899) 
*** ** ** 
R2 = 0.988 
d.f. = 16 
F = 317.171 
Durbi n 'h = 1.452 
Note : (a) The equation is in Log-Linear form , except the variable TIMEt 
(b) t-statistics in parentheses 
(c) The two-tailed test is used 
*** : significant at 1% level 
** : significant at 5% level 
Table 6.3c Estimated Elasticities (Industrial 
Estimated 
Elasticities Short Run 
Price (APt) -0.126 






Table 6.4a : Estimated Demand Equation (Commercial Case 1) 
Dependent 
Variable Constant qt-l APt 
qt -2.515 0.737 0.016 (-2.323) (6.197) (0.425) 
** *** 
R2 = 0.997 
d.f . = 19 
F = 1922.732 
Durbin-h = -1.155 
Note : (a) The equation is in Log -Linear form 
(b) t -statistics in parentheses 
(c) The two-tailed test is used 
*** : significant at 1% level 


























(a) The equation is in Log-Linear form (b) t -statistics in parentheses (c) The two -tailed test is used 
*** : significant at 1% level 
** : significant at 5% level 
Table 6.4c Estimated Elasticities (Commercial Case 2) 
Estimated 
Elasticities Short Run Long Run 
Income (Y t ) 0.410 1.482 
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Table 6.5 Estimated Elasticities (Residential. Industrial & Commercial) 
Price Income 
Demand Elasticity Elasticity 
Residential Short -Run -0.106 0.375 
Long -Run -0.316 1.115 
Industrial Short-Run -0.126 0.271 
Long -Run -0.143 0.308 
Commercial Short -Run 0.410 
Long-Run 1.482 
Note 
(a) Residential and commercial demand cover the period from 1971 to 
1993. Industrial demand covers the period from 1973 to 1993 . 
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CHAPTER 7 CONCLUSION 
The purpose of this study is to analyze the determinants 
of ~ demand for electricity in Hong Kong. Regression analys i s 
are carried out using both household-level data and aggregate -
level data. The findings can enhance our understanding of 
demand for electricity in Hong Kong. They may also be helpful 
to the Government in the regulation of electric utilities and 
in the formulation of energy policies. 
In section 7.1 , a summary and discussion of the findings 
in the study are presented. In section 7.2, some suggestions 
for further studies are made. 
7.1 Summary and Discussions 
In Chapter 3, we find that the plant factor of 
electricity supply in Hong Kong is quite low, compared with 
other high income economies. In other words, the utilization 
rate of the electricity generating facilities in Hong Kong is 
relatively low. We also find that the system loss (as a 
percentage of total output) of electricity supply in Hong Kong 
is the largest among the 23 high income economies. These 
observations seem to suggest that the electricity suppliers in 
. 
Hong Kong are not operating efficiently when compared with 
electricity suppliers in other high income economies. One 
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possible cause for this phenomenon is that, under the current 
Schemes of Control, CLP and HEC do not have much incentive to 
improve their operating efficiency. This is an important issue 
anq it should not be neglected by the Government. 
In Chapter 5, we investigate household demand for 
electricity in Hong Kong. The dependence of household 
electricity consumption on price of electricity, income, 
living area, household size and temperature are investigated. 
We set up a model of long-run household demand for electricity 
and perform regression analysis using data from the Household 
Expenditure Survey 89/90. In order to obtain consistent 
estimates of the parameters in the demand equation, we 
estimate the demand equation and the price equation jointly by 
Two Stage Least Squares (2SLS) Method. The estimation results 
show that household demand for electricity is inelastic to 
price of electricity. The estimated long-run price elasticity 
of demand is -0.268. The estimated long-run income elasticity 
is 0.331, indicating that the direct effect of income on 
household electricity consumption is not very large. In 
addition, we confirmed the expectations that living area and 
household size are important determinants of household demand 
for electricity. The estimated elasticities with respect to 
living area and household size are 0.292 and 0.373 
. 
respectively. The magnitudes of these elasticities are smaller 
than one, showing that there is scale effect in consumption of 
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electricity. 
In doing the regression analysis, we find that the 
si~ultaneous equation bias caused by decreasing block pric e 
schedules in the sample is quite serious. The price elasticity 
estimated by Ordinary Least Squares (OLS ) Method is much 
larger than the consistent estimate obtained by 2SLS . In 
addition, we confirmed that demand equations estimated by OLS 
using predetermined prices are good approximations to the 
demand equation estimated by 2SLS. 
Adding a dummy variable to the demand equation, we 
confirmed the expectation that households with town gas supply 
consume less electricity, given other things constant. 
Finally, we find that all the above estimation results 
are not very sensitive to whether we use average price or 
marginal price in the demand equations. 
In Chapter 6, we investigate residential, industrial and 
commercial demand for electricity in Hong Kong. We employ the 
Flow Adjustment Model and perform regression analysis using 
aggregate - level data for the period from 1971 to 1993. 
For residential demand, the estimated long - run price 
elast~city is -0.316 which is comparable to the price 
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elasticity estimated with household-level data in Chapter 5. 
The estimated long-run income elasticity is 1.115 which is 
larger than that estimated in Chapter 5. This is plausible 
bec~use the income elasticity estimated in Chapter 6 measures 
the total effect of income on consumption of electric i ty, 
whereas the income elasticity estimated in Chapter 5 only 
measures the direct effect. Furthermore, the aggregate-level 
data used in Chapter 6 covers, on the average, an earlier 
period. In the earlier period, households in Hong Kong 
generally have lower level of income, and the income 
elasticity of demand should be relatively higher. In addition 
to that, the results of regression analysis using aggregate-
level data and household-level data should be interpreted in 
a slightly different way . 
For industrial demand, the estimated long-run price 
elasticity is -0.143 . That means, industrial demand for 
electricity is ~ery inelastic with respect to price of 
electricity. The estimated long-run output elasticity is 
0.308, showing that increases in output would not cause equal 
proportional increase in electricity consumption. Besides, it 
is found that technical progress has important positive 
effects on electricity consumption. Lastly, the results show 
that wage rate of manufacturing workers is not an important 
determinant of electricity consumption : 
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For commercial demand, the effect of price of electricity 
on electricity consumption is found to be unimportant. 
However, the demand for electricity is found to be responsive 
to ~he level of economic activities. The estimated long-run 
income elasticity is 1.482. 
These estimation results show that demand for electricity 
in the three sectors are all price inelastic, but the 
responses to income/output are quite different. So, if the 
Government desires to reduce electricity consumption to 
achieve objectives such as energy conservation or 
environmental protection, she should notice that an increase 
in price of electricity is ineffective in reducing demand for 
electricity in Hong Kong. This is especially true for the 
commercial sector which accounts for about 53 percent of 
electricity consumption in Hong Kong. 
In assessing whether an expansion plan of an electric 
utility is justified or not, the Government has to review the 
justifications put forward by the electric utility and the 
criteria used in arriving at such justifications. In this 
case , the demand equations estimated in this thesis may be 
useful because they can provide a forecast of future demand 
for electricity in the three sectors. 
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7.2 Suggestions for Further Studies 
We have the following recommendations for further studies 
on demand for electricity in Hong Kong. 
(a) In doing the thesis, we find that data of the Household 
Expenditure Survey 89/90 are very useful. Future studies 
may perform demand analysis using data of Household 
Expenditure Surveys conducted at different years to study 
if there is any change in elasticities over time. 
Howe v er, it should be pointed out that, the use of the 
data requires the approval of the Census and Statistics 
Department. 
(b ) In our study of household demand for electricity, data on 
stock of electricity-using equipments are not available. 
So, only long-run elasticities can be estimated. It would 
be desirable if future studies can access data sets 
containing the stock variable and estimate the short-run 
elasticities. To achieve this objective, researchers may 
need to conduct a survey by themselves. 
(c ) In ou r study of industrial and commercial demand for 
electricity, we do not have disaggregated data. However, 
the study of firm-level behaviour of electricity 
consumption requires such kind of data. It would" be 
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desirable if researchers can obtain and make use of such 
kind of data. 
(d) In this thesis, we have used constant elasticity models. 
So, the estimated elasticities are constant. However, 
income and price elasticities may be dependent on income 
level, price level or the magnitude of other exogenous 
variables. For example, it is likely that income 
elasticity is lower at higher income level. Also, price 
elasticity may be higher (in absolute value) when price 
of electricity becomes higher. Furthermore, elasticities 
may be different at different seasons or at different 
times of a day. Future studies could deal with these 
issues by using variable elasticity models or by 
partitioning the data set to several groups and estimate 
a demand function for each group of data. For example, a 
data set may be partitioned to different income groups or 
to different month groups. 
(e) In Chapter 3, we compare the plant factor and system loss 
of electricity supply in Hong Kong with those in other 
high income economies. The observations seem to suggest 
that electricity suppliers in Hong Kong are not operating 
efficiently as compared with suppliers in other high 
income economies. Future studies 'may further explore this 
issue by performing more detailed comparisons. 
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APPENDICES 
A.l The Use of Average Price in Demand Equation 
Refer to Hal vorsen (1975), when both the demand and price 
equations are log-linear, the elasticities of demand estimated 
with average price data are equal to that obtained with 
marginal price data, as shown below. 
where 
The demand equation and the price equation are 
i =n 
Q = f p% IT v!;i u 
i =l 
i =m 
Pa= CQbITZ:i v 
i =l 
Q = consumption of electricity 
Pa = average price of electricity 
(A. 1) 
(A. 2) 
Wi's = exogenous variables in the demand equation 
Zi ' S = exogenous variables in the price equation 
u,v = disturbance terms 
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The relationship between average price and marginal price (Pm) 
is given by : 
q=Q 
PaO f Pm dq (A. 3 ) 
q=O 
substituting in eqn. (A. 3) for from eqn. (A. 2) , 
differentiating and solving for Pa yields 
(A. 4) 
substituting eqn. (A.4) to eqn. (A.1), yields the demand 
equation incorporating marginal price, 
i =n 
O = f( 1 ) gpgrr -fl i U l+b m i= l Wi 
(A. 5) 
Thus, only the constant term is affected by the use of average 
rather than marginal price data, and average price data can be 
used to estimate elasticities of demand for a model 
incorporating marginal price. 
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A.2 Residential Price Schedules 
Table A.1 Residential Price Schedule of the China Light & 
Power Co. Ltd. (1/3/1987 - 31/3/1990) 
Consumption Level Price (cents/KWH) 
First 20 KWH (1 - 20) 72.5 
(subject to minimum charge of $11.00) 
Next 480 KWH (21 - 500) 66.8 
Over 500 KWH 64.9 
Note There is a fuel cost adjustment of - 8.5 cents/KWH 
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Table A.2 Residential Price Schedule of the China Light & 
Power Co. Ltd. (1/4/1990 - 31/3/1992 ) 
Consumption Level Price (cents/KWH ) 
First 20 KWH (1 - 20) 72.5 
(subj ect to minimum charge of $11. 00 ) 
Next 480 KWH (21 - 500) 66.8 
Over 500 KWH 64.9 
Note There is a fuel cost adjustment of -4.5 cents/KWH 
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Table A.3 Residential Price Schedule of the Hongkong 
Electric Co. Ltd. (1/1/1989 - 31/12/1989) 
Consumption Level Price (cents/KWH) 
First 10 KWH (1 - 10) $7.70 minimum charge 
Next 10 KWH (11 - 20) 76.3 
Nest 20 KWH (21 - 40) 68.3 
Next 60 KWH (41 - 100) 67.3 
Next 900 KWH (101 - 1000) 66.8 
Next 1000 KWH (1001 - 2000) 65.8 
Next 500 KWH (2001 - 2500) 65.3 
Next 2500 KWH (2501 - 5000) 63.3 
Over 5000 KWH 64.7 
Note There is a fuel cost adjustment of - 6.0 cents/KWH 
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Table A.4 Residential Price Schedule of the Hongkong 
Electric Co. Ltd. (1/1/1990 - 31/12/1990) 
Consumption Level Price (cents/KWH) 
First 10 KWH (1 - 10) $7.9S minimum charge 
Next 10 KWH (11 - 20) 78.8 
Nest 20 KWH (21 - 40) 70.8 
Next 60 KWH (41 - 100) 69.8 
Next 900 KWH (101 - 1000) 69.3 
Next 1000 KWH (1001 - 2000) 68.3 
Next SOO KWH (2001 - 2S00) 67.8 
Next 2S00 KWH (2S01 - SOOO) 6S.8 
Over 5000 KWH 67.2 
Note There is a fuel cost adjustmerrt of -3.S cents/KWH 
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